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ABSTRACT

Agriculture is an important industry in Virginigjith an array of crops grown and animals
producedVi r gi ni lavést®ck and pagoltrysectorssold agricultural products worth $1.4
billion and $2.4 billion, respectively, in 201@ne of the products, grain, serves as an important
input for raising livestock and poultry. Virginia needs to import grain from other states (Easter
Corn Belt states) to meet current livestock feed requirements, an expense that raises the cost of
production over locally sourced grains . Further, such movements of grain from predreasg
to demanehreas rely on the efficient and timely interactadngrain storage and transportation.
Describing the details of the grain supply chain provides insights into the interplay and
relationships among production, storage, transportationeaddisers ofjrains and oilseeds in
Virginia. Resultsof a statewide survey of Virginia grain producesbied light on the following
topics: currentropping practices; current grain storage practices; availableléaahstorage and
its use, age, and expected life; and future storage plarmsoasttaintsOverall findirgs include,
grain production in Virginia has generally increased over the last decade, yet storage capacity
remains constant and continues to age; livestock and poultry populations are declining leading to
less demand for feed grains and oilseeds; gaamdrs report satisfaction with their current storage
situation and higher retursasotersdéoredbgrhdns
majority the grain leaving the farm is hauled by truck over short distances (25 miles or less).
Overall the results provide a foundation for understanding the grain supply chain in Virginia and
of fer useful information to Virginiads agricu



Dedicated tahe memaes of

Norita Frenning
(19277 2011)

Who inspiridgyyat oakt hmee

Mary Frenning
(192571 2013)

Whose work with{the University of Maing
Cooperative Extension means

wasnbo



Acknowledgements

Research of any magnitude hardly goes untouched by others. My work is certainly no
different. | an grateful to the many suggestions and contributions from colleagues that have made
the work not only more accurate, but more rel
express my thanks to my committee, namely Drs. Gustavo Ferreira, Gardover, and Kathryn
Boys. Their guidance, efforts, and feedback helped bring a relativelyemoled project to
fruition. Also, their exceptional patience and support are noteworthy, particularly given the various
challenges encountered during the preces We di dndét give up.

The research would also be less effective without the useful feedback and collaboration
from facul ty DeartndaentroigCrop an8oil Enviomm@rgal Sciencescluding
Dr. Wade Thomason, Dr. Stetwdges Dr. Tom Thompsn, and Pat Donovan.

| also appreciate the involvement, interest, and support of our project frovfrgjn@a
Grain Producers Associatiptihe Virginia Soybean Association, Virginia Cooperative Extension,
and Virginia Far m Burnaadentusiasmfarbur [Bajeot lvas smgpiringn t e r ¢
and the humor in his weekyommodity Commentsill makes me smile to this day).

| al so extend my deep and humbl e appreciat:i
inourresearchand everydaywort hat supports Virginiads agric

Il n addition, I woul d l' i ke to thank Smith
Educational Foundation, funded needed research of the grain supply chain in-#aviit and
made this all possible. Was a privilege to work on the project, and | would not be where | am
today without it.

Finally, and certainly not least, a big thank you to my family (mom, dad, Elena, and Maria)
and friends. Truly, they were pillars of support through all the ups amthsdoTheir
encouragement and understanding helped me see this through. Please know | am very grateful.



Table of Contents

Y o] 1 = T U il
97T [ 0% U1 o] o S iii
ACKNOWIEAGEMENTS. ...ttt e ee et eeer e ettt e e e e e e e e e e e e s rmmmeeeaeeeeeeeeennennnd IV
TabIe Of CONIENES.......ceeiiiiiiiiice e e e e e e e e e eeeer s e e e e e e e e e e e e e e e eeesestnnneaeaeeeeeeeseensnnnnns V.
LIST Of FIQUIES. ...ttt enens e e e e et e e e e e eeens vii
S 0 = 10 = ix
PO ACE ... e ———— e ———————— X
(@ gF=T o (= g A [ 11 £ Yo [ Td 1 0] o RSP 1
Chapter 2: Grain and Soybean Production and Storage in VirginleSummary and Spatial
D= 1.1 =4 PSP 3
11 0o [0 Tox (o o OO PPPPPRPR SRR 3
1S U 3
Produdion: Types and HOW MUCK.........oiiiiiii e 3
[ Tor=1 1 0T E- o) = {0 o [ [ox 1o o PSSP PRSP 7
Storage: TYPES ANA CAPACITY........uuiiieeiiitiiie e et et eret e e e st e e e e e aeb bt e eeat e e e e s anbbreeeeeesnnenes 11
(o Tor= 11 T0] T 0T S (o] =T =PSRNt 15
Joint Consideration of Grain Production and Storage ACroSS TiMEe..........cceuvvuviireeiniiiiieeeseeeeeeeeeanes 16
CoNCIUSIONS AN DISCUSBIN .....cciiiiiiiiiieeee e e e e s smeee ettt e e e e e e e s s s rmnns s s bbe e e e e e e e e e e s nnsnnnssnnseeeeees 19
] (=T (= o = PSP 21
Chapter 3: Grain Consumption and Production in Virginia: A Trend and Spatial Examination
......................................................................................................................................... 22
1] o o 11 o (o o R 22
LITEIAtUIE REVIEW ...ttt ecmee ettt e e e e e e s s rmmne e s sttt e e e e e e e e e mnne s nssteneeeeeeeeeeaannnnen 23
Trends in Virginia Grain Consumption and Production............cccceeevvvviiiiiieeeiiiiee e 24
Data Sources and MethOUOIOGY. ... ....cuiiiiiiiiiiii ettt e et e e eeae e e e s sbb e eeee e 24
€1 =1 0 To [ o 1 o] o OSSR 25
Grain GINSUMIPLION . ...ci ittt ettt et e e e s e bbb et e e e e e abb et seee e e e e e e sbb et e e e e e e nnbbeeaeaees 25
RESUILS. ...ttt e oo oo eme e e e e e e e et e e e e e e bbb n e e e e nb bbb e 28
GraiN PrOQUCTION......cciieiiieiee ettt oo ettt te e e eb b bbb be e e et eeeeeeeaasnnenes 28
(€] =11 @0 ] o [0 T2 1] o] 1o o SR 29
Grain Consumption and ProdUCTION. .........oooii it er e e e eee s anneees 32
Spatial Distribution of Virginia Grain Consumption and Production ............cccccooveeiiiiiiiccceeeeee. 35
Data Sources and MethOUOIOGY. ... ...ueuiiiiiiiiiiii et eee et e e st e e eeae e e e s abbeeeeae e e e 35
L1 =1 0 To [ o o] o SR 36
Grain Consumption: Animal Populations, &G0s, Grain Consumed Per GCAU, and Total Grain
1001 0 £51 8 {191 o] (1] o P PP PRSP 36
RESUILS. ...ttt et oo oo oo mm et e e e e e e e e e e e s e e e e bbb an e e e e e e aabb e b e e e 37
L1711 o I = (oo [1 (o 1 o] o TP 37
111 o @] 0151011 o1 ][] o D PP PUPPPRPP PP 38



ConcluSIONS aNd DiSCUSSION........ccceeiiiiii e mmmr e e e e e e e e e e e e e e e e e e e e e s s aneesaa s s e ae e e 40
] (=] (= o L PSSP 43
Chapter 4: Describing Grain and Soybean Production and Storage in Virginia: Results of a
2013 FaIM SUIMNVEY.....ciiii ettt e e enemeeeeetn e e e eensnnn e e e e s emnneaeennsnnneeeeeeess BT
101 o o 11 ox (o o PRI ¥ 4
ADOUL TNE SUIVEY ... .ottt e et e ettt e e e e e e e e s s s s e s s s e e e s e e e e e e e e eeaeeann 48
S | PP 50
General Characteristics of the Sample and Grain Producers in Virginia............covveveeeneeeiniiieeeeennnnns 50
Characteri st i €amstdragd/i..r..g.i.n.0.a.0.5... 0N s 53
Storage Constraints in Grain OPEratiOnNS.........cooiiiiiiiiiiiee e e e e e e s s rres s aere e eeeeeeseeensnrnnes 57
Plans to Alleviate Storage CONSIIAINLS. .........ccccuuiiiiiieeer s ie s s sereerre e e e s seeesssresrresreerrrereeeeesaaesrernesneees 58
Economic Incentives to Encourag@@tge BUilding.............oovvviiiiiiiiiicceiis e eeeeeee e 60
Characteristics of Grain Transportation iN Virginia..............uuueeeeeeieamiiiiiiiiiiiieieeeee e eeeereieeeeeeeeeeeeeeeee 60
ConcluSIONS anNd DISCUSSION........cccceiiiiii e mmme e e e e e e e e e e e e e e e e e e e e eesseneesaasseeaeeeas 62
] (=] (= o = PP 64
(@ gF=T o] (=T gt o @] o o3 11 [0 U SPURPTRR 66
Appendix A: Additional Statd_evel Methodology and Re#iS..............cccociiiiiiiieeninnnnnenn. 67
AdditioNal MEtNOAOIOGY.........eeeiiieiiiiiii ettt eemt e e s et e e e e e et e e e 67
Grain Consumption: Cattle Population (Dairy Cows, Dairy Heifers, Beef Cattle on Feed, Oth€aBkx)f
........................................................................................................................................................ 67
Grain Consumption: Poultry Population (Broilers, Turkeys, Layers, and Pullets)..............cccc.oeeee... 67
Grain Consumption: HOGS POPUIALIQN............uuiiiiii e cceeeis e v e e e e e e e e e e e vaenneeeeees 68
Grain Consumption: Sheep (and Lambs) Population............ccoooiiiiiceeiiiii e 68
Grain Consumption: HOrses POPUIAtION............ii i ccceeei et e e e e e e e e aeeee e 69
AAAItIONAl RESUILS ... ..ot eeee e e e e et e e e e e e e e aaaaaaeseeeeeeeseesssstatannmnnsssrnnnnns 70
Graphs of Populations ( Number..of..fiHea.d.a.)..FE.ég&@a
Graphs Of CONSUMPLIONNBIES. ....coii ittt et reei e e s st r e e e e e ab e enabb e e e e e e e aneeee 75
Appendix B: Additional Countyl_evel Methodology and Results..............ccccoovvvvieemeenneee. 78
Additional MetNOAOIOGY. ......ceeiiiiiiiiieeei ettt e e e bbbt e e e e e e e e eeans 78
Grain Consumption: Cattle Population (Dairy Cows, Beef Cattle on Feed, Other Beef.Cattle)......78
Grain Consumption: Poultry Population (Broilers, Turkeys, LayersPaiéts)................ccccccvvvvieeeeee 79
Grain Consumption: HOGS POPUIALIAMN............uiiiiiiiiiieeiieice et 80
Grain Consumption: Sheep (and Lambs) POPUIALION. .........oiuiiiiiiieie e 81
Grain Consumption: HOrses POPUIALION. ..........eiiiiiiiiiiieeciiie et 82
AAAItIONAI RESUILS ... ..ot eeee e e e et e e e e e eeeaaaeaaeseeeeeeeeeessssbatann s mnnrsssannnns 84
Consumption (Livestock POPUIAtIDIIAPS.........oouiiiiiieiiiii ettt e 84
L (0T Ui a0 o TN 1Y/ = o £ 87
Appendix C: Survey Recruitment Letter and INStruMent...........cccoeeeeeeeveeeecciiii e Q0
Appendix D: Additional Data Tables...........ccoouuiiiiiiiieeee e eree e 104

Vi



List of Figures

Figure 1: Average Contribution (%) to Total Production of Virginia Grains, 12PQ8s......... 5

Figure 2: Virginia Grain Production by Grain Type, 198BL2.............ccoevvvvvvvvvniimmmeeeeeeeennnnnns 6

Figure 3: Map of Virginia Barley Production by County, 2007..............ooooiiiiiicereeiind 9

Figure 4: Map of Virginia Corn Production by County, 2007...........ccccceeiiiiiieeeivvnnnnninneenn. 10

Figure 5: Map of Virginia Soybean Production by County, 2007............cccccoiiiiaaneeeeneeenn. 10

Figure 6: Map of Virginia Wheat Production by County, 2007..............cccovvviieeeeeeeceeeeee 11

Figure 7: Virginia OffFarm and OsfFarm Storage Capacity, 198812.............cccceeiiiiiiiiees 13

Figure 8: Number of Commercial Facilities in Virginia, 198&L2..........c.ccccceeeieeeeeeeeeeeeeeiennn, 14

Figure 9: Map of Virginia O+iFarm Storage Capacity by County, 2007............ccccvvvvvvvieenn, 16

Figure 10: Virginia Storage Capacity and Grain Production, -PEBR............ccccceeeeeeeeeeeeenans 17

Figure 11: Surplus or Shortage in Virginia Storage Capat@882012..............cceevvvvviiiiinees 18

Figure 12: Tons of Feed Consumed per Grain Consuming Animal Unit;2(89%P................ 28

Figure 13: Grain Production in Viiga, 19922014 (Million TONS)........uuuuuimiiiiiiiiiiiiieeeeeneee. 29

Figure 14: Number of Grain Consuming Animal Units in Virginia, 22924....................... 30

Figure 15: Estimate@rain Consumption in Virginia by Livestock and Poultry, 129A4.....31

Figure 16: Grain Consumption (by Livestock and Poultry) and Production in Virginia;2089P
......................................................................................................................................... 33

Figure 17: Map of Total Grain Production in Virginia by County, 2012.....................ocue.. 38

Figure 18: Map of Total Grain Consumption (by Livestock and Poultry) in Virgini@duynty,

12 0 PP PPPR TP STPPPPPP 39
Figure 109: Map of Virginiads Grain Deficits
Livestock and Poultry) by County, 2012...........oooviiiiiiiiimee e e 40

Figure 20: Counties with the Highest Number of Surveys Received............cccccvieeennnen. 50

Figure 21: Shares of Survey Respondents Growing 1 or More Crops........cccccccvvvvveemeen... 51

Figure 22: Number of Farmers with a Given Number of BinS...........ccccuvvvviieeeiiiiiiiiieeee, 55
Figure 23: Number ( akFadn SBuctaresdy Age.f....\V.i...L.g.i.B6i ads O
Figure 24: Sh aFaan Strdcturssiby Remaining Wdssful I(D‘ﬂ ................... 57

Figure 25: Number of Respondents by Walit TIMe.............ovviiiiiiccciieice e 62

Figure 26: Population of Broilers in Virginia, 192D14............coooiiiiiiiiiiene e 70

Figure 27: Populations of Turkeys, Layers, and Pullets in Virginia,-2092........................Z1

Figure 28: Population of Hogs in Virginia, 199P14...........cccuiiiiiiiiiiiiiieeneeeeeeee e 12

Figure 29: Populations of Dairy Cows and Beef Cattle on Feed in Virginia;2@B2........... 73

Figure 30: Population of Sheep in Virginia, 198@14............ccooiiiiiiiiiiieeee e 74

Figure 31: Shares of Total Grain Consumption in Virginia by Poultry, Cattle, Hogs, aed Oth

IS LS 752 O SPPPR 75

Figure 32: Recent Shares within Poultry Grain Consumption in Virginia,.......................76

Figure 33: Recent Shares within Catieain Consumptlon INVirginia,......cccooeeveeviiiiiiee 77
Figure 34: Map of Virgi.ni.af.s..Bro.i.l.er.s...8y Coun
Figure 35: Map o fCoNhtyrZ@liZ n..a.o.s...T.uzr.k.ey.s..b.gs
Figure 36: Map of Virgi.ni.adb.s..Hogs..by...C8unty,
Figure 37: Map of Virgini.adb.s..Da..l.y..Cat.B5 e by
Figure 38: Map of Virginiabs..Beelf...Ca.t.t..B6e on F
Figure 39: Map of Virgid.ni.aon.s...Sheep..bhy..860unty,

vii



Figure 40: Map of Virgi.ni.ao.s..Har.s.es..bhy8County

Figure 41: Map of Barley Production in Virginia by County, 2012.............cccevvviieeeeeeennn.
Figure 42: Map of Corn Production in Virginia by County, 2012..............ccooiiiieeneeeneenns
Figure 43: Map of Soybean Meal in Virginia by County, 2012..............ccooviiiieeeeee e
Figure 44: Map of Wheat Production in Virginia by County, 2012.............cccoovviiceeeeennn. 89

viii



List of Tables

Table 1: Annual Acreage Panted déhé r vest ed f or Vi rgi.ni.ab.s4 Pri ma

Table 2: Production Levels of Virginia Grains, 2608 in Bushels..............cccooovviiiieeennnnnnn 4
Table 3: Prportion (%) of Total Production by Crop for Different Productivity Years, 12882
Table 4: Top GrawProducing Counties and Independent Cities in Virginia, by Grain Type, 2007
........................................................................................................................................... 8
Table 5: Storage Capacity in Virginia, 2008, in BUShelS..........cceviiiiiiiiiiieeeeie 12
Table 6: Regions in Virginia with the Most @rarm Storage, 2007...............evvvveiiiiceennnns 15
Table 7. TwePer i od Comparison of Virginiabds Storage
Grain ProdUCTION YEAIS.....cciiiiiiiiiei ettt ee s enensssbbebeeee e 19
Table 8: Factors to ConseGrain in BUShelS t0 TONS.........uuvvviviiiiiiii v 25
Table 9: Livestock and Poultry Considered in Assessment of Virginia Grain Consumpti?@
Table 10:Grain Consuming Animal Unit Factors for Different Animals..............ccccccnnneee. 27
Table 11: Comparison of Annual and Census Data for Virginia Grain Production.......... 36
Table 12: Variables for the Statevel and Coungfevel Grain Consumption Estimates....37
Table 13: Response Statistics 0f 2013 FArMer SUIVEY...........uuuvuvuiiireeeeeeeiiniineee e e en 48
Table 14: ACreage STALISTICS. ... ..uuuurriiiiiiiiii i eeeee ettt e e 51
Table 15: Crop Production Statistics of Sample............ooovviiiiieee e 52
Table 16: Breakdown arfdumber of Respondents Falling Into Each Group..................... 53
Table 17: OAFarm Storage Size CharaCteriSCS ... .uuuuuiiiii i e e ceeeiceiie e eeeeee e 55
Table 18: Number of Operatiomsth a Storage Limitation by Group..........cccccccvvveeeiiieeeenen. 57
Table 19: Storage Issues Faced by Constrained Operations...............veeeeeeveeveeevennnnnnns 58

Table 20: Future Storage Plaflso iConst r ai n.e.d.0...0p.e.r.at.i.ons9
Table 21: Futur e-Cotnena@eée nkRildan.Opef.af.N om0
Table 22: Conditions under Which\ gi ni adés Grain Farmers (Witho

1011 Lo [T o TS (0] = Lo [P PUPPPPTRRR 60
Table 23: Volume of Bushels Transported Various Distances from Farm in Virginia......61
Table 24: Comparison of Annual and Census Data for Cattle...............ccccveeeiiiiiiiiennnnnnd 79
Table 25: Comparison of Annual and Census Data for Poultry...............eevvvieeeeiiiiinnnnnee. 80
Table 26: Comparison of Annual and Census Data for.Rigs............cccoovivieeeeiiiee e, 81
Table 27:Comparison of Annual and Census Data for Sheep.........cccccciiiiieeniin 82
Table 28: Information on Countyevel Data for HOrses.............ooovvvviviiiccceeieeeeiee, 83
Table 29: Number of Grain CropS GIOWIL..........eeeeiieiieiiiieeeeieeeeeeeeeeee e e e e e e e e amme e e e e e e e e 104
Table 30: Number dfarmers with a Given Number of Bins............cccccvvviiiieemniiiiivnnnnee. 104
Table 31: Number of BiNS DY AQE......oouiiiiiii e 105
Table 32: Number of Bins by Remaining Useful Life.............ccooiiiiieeeiii e, 105



Preface

The work outlined in this thesis was submitted in partial fulfilment of the requirements for
a Master of Science degree in Agricultural an Applied Economics from Virginia Polytechnic
Institute and State Univatg. The material in this thesis is submitted purely for a degree or
diploma and has not previously been submitted for any such qualification. The first manuscript
has been published through Virginia Cooperative Extension. All three papers were my ogn word
unless otherwise documented, with helpful comments, suggestions, and recommendations from
Gustavo Ferreira, Gordon Groover, and Kathryn Boys.



Chapter 1: Introduction

A kernel of corn, a granule of wheat, a single soybean. Though minute and practically
insignificant in size, these products operate in a large, complex, world supply chain. At the macro
-level, grain production (or supply) in the United States serves as an input in domestic livestock
production, and is also exported abroad. Farm anthoff storage, and the transportation system,
are critical to the efficient and timely flow of grain from farms to final users. Transportation,
including a wide network of trains, trucks, and barges, moves grain where it needs to go, and grain
storage facilitees delivery of grain, a seasonal product, at the right time.

At a local level, Virginia is home to significant livestock and poultry operations, which
rely on grain for feed. There is a perceived shortfall of feed grains to support the livestock and
poultry sectors. Shipping grain from the Midwest to the Mithntic States to supplement the
shortfall is expensive and increases the costs of production for raising livestock and poultry.

The following objectives provided the basis for describing and iyerdithe factors that
influence Virginiabs grain supply chain: 1) c
consumption; 2) current grain storage capacity and transportation infrastructure; 3) plans for future
building of onfarm and commerciastorage; 4) existing constraints in the grain marketing
channels; and 5) possible economic incentives to reduce these constraints. Results are presented
in three papers (organized as chapters) on Virginia grain production, storage, and consumption.

The frst paper(Chapter 2)examines the characteristics and trends of Virginia grain
production and storage. Results show that grain production in Virginia is mainly characterized by
corn, soybeans, and wheat, with a growing share of soybeans. Productictofage) mainly
occurs in the counties east of I nterstate 95
storage is on the farm (as opposed to commercial). Grain production has generally increased over
the years, but with relatively flat graitosage capacity, the system appears to be more constrained
in recent years.

The second papéChapter3x oupl es grain production with
and poultry sectors to analyze both the overall magnitude and distribution of grain ptasum
Virginia. Specifically, the chapter describes the sources and trends over time of grain production
and consumpti on; identifies grain surplus/ de
livestock and poultry consumption requirements atstée and countylevels; and provides an
updated assessment of Vi r glmpdrtanbresultads ithd analygis t o m
reveal that grain consumption in Virginia is mainly by poultry (primarily broilers or chickens).
Furthermore, giia consumption in Virginia has generally declined over the last twenty years, due
to decreasing livestock population numbers. Coupled with an upward trend in grain production,
Virginia appears to be increasingly capable of meeting its grain needs. Intiyottzgre is an
eastwest divide in the state, with western counties requiring more grain than they produce (most
of the grain consumption and resulting Adefic
not appear t o move fctioomi cthhoe eraesltaetrinv ed¢ @ u niitpireo
infrastructure is important to bring in grain from outside the state.

Lastly, the thirdpaper (Chapter 4)resents the results of a statgle survey of Virginia
grain producers, which was conducted to gain nepecific insights into possible storage
constraints. This paper assesses grain growe
i nvesti gat es -npking atbdarvess studiesctiie amoanhand quality of grain storage
(e.g., age and remming useful life); identifies economic incentives that might encourage storage



building; and examines a few attributes of grain transportation in Virginia. Findings demonstrate

that that many grain producers in Virginia grow three crops (corn, soylzaheheat). Further,

producers exhibit different behavior at harvest, with most either delivering all their grain to market

at harvest or storing a portion in ownedfarm structures. Survey results show that grain storage

in Virginia appears to be agingpwever many respondents believe their structures will remain

useful for another decade or more. Interestingly, whether they have storage or not, a majority of
respondents believe that the storageupedn their operations are sufficient. However, witihie

group that does face a storage | imitation, ma
transportation, most of the respondents haul their own grain to buying stations and over relatively
short distances (25 miles or less).



Chapter 2: Grain and Soybean
Production and Storage in Virginia: A
Summary and Spatial Examination

Introduction

Grain and soybean production is a critical component of Virginia agricélturbe e st at e 0
No. 1 industry (VDACS, 2 0 1 3 )han h#ffiaritian buskeld sf f ar m
grain and soybeans over the span of 2006 to 2012 (USB3S, 2013b}. The objectives of this
publication are to characterize the market for grain production and storage in Virginia.
Specifically, this paper will:

1. Highlight ard examine the current characteristics and trends of Virginia grain and
soybean production and storage;

Provide an overview of the types, volume, and location of Virginia grain production;
Show how much storage existed across time and where it is located;

Identify future constraints and opportunities in production and storage in Virginia; and
Offer market insight for industry stakeholders.

abrown

Results

Production: Types and How Much

Varying substantially in acres planted and bushels produced, seven grairfbendgsg,
corn, grain sorghum, oats, rye, triticale, and wheat) and soybeans are grown in Virginia-(USDA
NASS, 2009). Although technically an oilseed, for the purpose of this discussion, soybeans will
be included in the "grains" category. Table 1 displdgsa from the U.S. Department of
Agriculture's National Agricultural Statistics Service (NASS) for the average number of acres
pl anted and harvested from 200 82These dat@ dre2forf or V
Virginia grain grown conventioniglas opposed to organic grain. According to the latest available
numbers from the Economic Research Service (2011), little organic grain is produced in Virginia
(USDA-ERS 2014§

1 The crops included in the calculation are barley, corrhsans, and wheat.

2 According to the most recent and available NASS survey refd8®A-NASS 2013b), in 2004, 5,000 acres of

grain sorghum were planted and 2,000 acres were harvested for grain. In 1999, 80,000 acres of rye were planted and
8,000 acres werharvested. Rye is primarily planted as a cover crop in Virginia. In 2012, 11,000 acres of oats were
planted and 4,000 acres were harvested for grain. Planting data for triticale are not available.

31n 2011, Virginia had 369 acres of organic barley, 2,26res of organic corn, 676 acres of organic soybeans, and

34 acres of organic wheat (USEERS 2014).



Table 1: Annual Acreage Panted and HarvestedforVigi ni a6és Pri mary Gr ain
200812
Barley Corn Soybeans Wheat
Total acres planted 72,000 488,000 574,000 258,000
Acres harvested for grain/seed 46,800 334,000 562,000 227,000
Share (%) 65% 68% 98% 88%
Acres harvested for silage 139,000 Not
Share (%) g Not reportel 29% applicable Not reported
Acres harvested remaining 25,200 15,000 12,000 31,000
Share (%) 35% 3% 2% 12%
Total production (bushels) 3,730,400 | 35,378,000/ 19,946,000 | 14,663,000
Source: USDANASS (2013b) and authorso calculations.
Values relect averages over production from 2008
NASS only reports the acres of corn and grain sorghum (a relatively insignificant crop
grown in Virginia) that are harvested for sil
35 percent, it can be iried that a substantial proportion of barley is grown for forage. Soybeans
and wheat, on the other hand, are primarily harvested for seed and grain, respectively, in Virginia.
The most recent annual production data (2008) f or Vi r gi ncragdis f our
shown in Table 2.
Table 2: Production Levels of Virginia Grains, 200812, in Bushels
Year Barley Corn Soybeans Wheat Total
2012 | 3,034,000| 36,050,000| 24,360,000| 15,600,000| 79,044,000
2011 | 6,160,000| 40,120,000 22,000,000| 17,750,000 86,030,000
2010 | 3,216,000| 20,770,000| 14,040,000/ 7,905,000 | 45,931,000
2009 | 3,182,000| 43,230,000| 21,090,000 12,180,000| 79,682,000
2008 | 3,060,000| 36,720,000 18,240,000| 19,880,000 77,900,000
Source: USDANASS (2013b).
Although Virginia producea@ record high 86 million bushels of grain in 2011, total grain
out put decreased by 8 percent in 2012. I n the

production level in only two years, with 85.4 million bushels produced in 2000 and 85ahmilli
bushels produced in 2004.

Figure 1 illustrates the movements in total grain production and the relative shares of
barley, corn, wheat, and soybean production in Virginia by decade.



Figure 1: Average Contribution (%) to Total Production of Virginia Grains, 1920s2010s
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Figure 1 reveals that Virginia saw a generally positive trend in total grain production during
the period examined. Due to increased production levels of corn, soybeans, and whdat, notab
production expansion occurred during the 1970s and into the 1980s. This shift is mainly composed
of higher corn yields (despite substantially lower harvested corn acreage compared to earlier
decades) and more harvested acres of soybeans and wheat.

Also, the same figure reveals that, from the 1920s to the 1940s, the share of corn in total
production was more than 70 percent. Despite
45.6 percent in 2012. Corn and wheat were the prominent graingceabéh Virginia from the
1920s to the 1950s. However, displacing the proportions of other grains, soybeans experienced a
widening share since the 1920s. Finally, the proportion of barley increases until the 1960s, declines
slightly, and steadies thereatte

Figure 2 displays recent annual production levels of different grain types to showcase
current trends in the stateds grain sector.



Figure 2: Virginia G rain Production by Grain Type, 19882012
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Thoughproduction levels certainly vary annually, there is a slight upward trend in total
production across the Afear time span considered. Over the last five years {208he average
shares of total production for these four grain crops are as follow&7 @ percent corn, (2) 27.4
percent soybeans, (3) 19.7 percent wheat, and (4) 5.2 percent*barley.

It is useful to consider these production responses in light of relevant environmental
conditions. Table 3 presents the proportions of the examined crgpars of low (drought) and

nor mal production. Wi ebold (2012) <claims that
of drought intensity. o Drought years were det
Virginia from 1988 to 2012, computingigar t i | es, and sel ecting year

was at or below the first quartile. Considering the entire period, relativehploduction years
due to drought demonstrate different shares of barley, corn, soybeans, and wheat compared to
normalyears.

4 Due to rounding, the total adds to 100.1 percent.



Table 3: Proportion (%) of Total Production by Crop for Different Productivity Years,
19882012

Barley | Corn | Soybeans| Wheat
9.0% | 44.3% | 24.5% 22.2%

Low production (drought) years

(1988, 1991, 1993, 199809, 2002, 2010)
Normal production years

(198990, 1992, 19947, 200001, 2003 | 6.0% | 52.8% 22.9% 18.3%
09, 201112)
(Alllg)égcs)lz) 6.9% | 50.4% | 23.4% | 19.4%
Source: USDANASS (2013b) and authorso calculations.
The proportions were averaged over the selected years.

In drought years, barley, soybeans, and wheat increased in their share of total production
at the expense of corn. On the other hand, years with relatively normal production levels withessed
a higher proportion of corn. These results suggest that, in Virgioiia yields are more vulnerable
to drought than the other considered crops.

Locationsof Production

According to the 2007 Census of Agricul tur e
had a combined market value of $268.3 million in 2007, witlividual contributions of $115.3
million, $98 million, $51.2 million, and $3.9 million, respectively (USDIASS 2009). Using
countylevel information from the same censusple 4 shows the top five producing counties for
barley, corn, soybeans, and whige2007° Westmoreland County and Rockingham County were
the largest producing areas for barley, while Accomack County and Augusta County ranked first
and second for corn, respectively (USIDIASS 2009). Notably, Northumberland, Accomack, and
Essex countiesank among the top five producing counties for multiple grains.

5In the Census, NASS collects agricultural data on 95 counties and an additional three indejiesd&tiesapeake,

Suffolk, and Virginia Beach). NASS still collects data on an annual basis, but does not publish the results for all of
Virginiaébs agricultural counties and independen2t citie:
counties for corn production and 16 counties for barle
offers agricultural production data for all 98 areas. Thus, though less recent than annual NASS survey data, the 2007
census was used fositountylevel coverage.



Table 4: Top Grain-Producing Counties and Independent Cities in Virginia, by Grain
Type, 2007

Barley Corn

Rank County/city Volume (bu) Rank County/city Volume (bu)
1 Westmoreland 194,825 1 Accomack 3,902,761
2 Rockingham 173,112 2 Augusta 2,001,675
3 Essex 143,805 3 Rockingham 1,701,405
4 Augusta 136,852 4 Chesapeake 1,391,272
5 Northumberland 95,218 5 Northampton 1,365,312

Total 743,812 Total 10,362,425

Total barley production Total corn production (Va.)

(Va.) 2,008,416 34,811,582

Top five share of total 37.0% Top five share of total 29.8%

Soybeans Wheat

Rank County/city Volume (bu) Rank County/city Volume (bu)
1 Accomack 1,166,566 1 Northampton 1,324,268
2 Chesapeake 886,279 2 Accomack 980,123
3 Northampton 760,208 3 Northumberland 816,833
4 Southampton 622,541 4 Westmoreland 593,349
5 Hanover 534,365 5 Essex 538426

Total 3,969,959 Total 4,252,999

Total soybean production Total wheat production

(vVa.) 12,624,547 (vVa.) 12,345,217

Top five share of total 31.4% Top five share of total 34.5%

Source: USDANASS (2009).
Rankings do at take into account nondisclosed counties and independent cities.

Table 4 also reports the top producing col
grai n. These numbers indicate that the statebd
rather than evenly spread across the state. For each of the examined grains, 30 percent or more of



the production output is concentrated in just five counties. It is worth noting that in 2007, 9.8
percent of Virginiat6s t Actombck@ounali n producti on
Figures 3 through 6 depict the location and volume of celewsi grain production.
Categories in al/l subsequent maps were devel
technique that minimizes the variance within groups and maxértigevariance between groups.
Overall, corn, soybean, and wheat production is concentrated in Eastern Virginia (east of
Il nterstate 95) . Figure 3 summarizes Virginiado
the Shenandoah Valley, Northern Neakd Middle Peninsula.

Figure 3: Map of Virginia Barley Production by County, 2007
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Source: USDANASS (2009).

As shown in Figure 4, much of the stateb6s <c
Shenandoah Valley, Tidevetregion, Northern Neck, and Middle Peninsula. Of note, Augusta
and Rockingham counties in the Shenandoah Valley are two of the top five producing counties for
both barley and corn, with much of the corn acreage harvested for silage (table 1). Accomack
County, on the Eastern Shore, is particularly intensive in corn production, producing almost 2
million bushels more than the secemdhest corrproducing county.

6 This metric was computed by adding the corn, soybean, and wheat production in Accomack County (3,902,761 bu.;
1,166,566 bu.; and 980,123 bu., respectively) and dividing by the total grain production in Virginia (61,789,762 bu.).
Accomack Countyds barl ey production was not disclosed.
7"ESRI GIS Dictionary (online), s.v. "Jenks' optimization," accessed July 10, 2013;
http://support.esri.com/en/knowledgeb@isdictionary/browse

9



http://support.esri.com/en/knowledgebase/Gisdictionary/browse

Figure 4. Map of Virginia Corn Production by County, 2007
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As would be expected given the pattern of
production is concentrated in the Eastern Shore and counties east of Interstate 95 (Figure 5). In
particular, Accomack and Northampton counties ancibeof Chesapeake are major production
areas for both corn and soybeans.

Figure 5: Map of Virginia Soybean Production by County, 2007
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Source: USDANASS (2009).

Finally, akin to corn and soybeans, the Eastern Shore and cwatst of 905 are
important areas for wheat production (fig. 6). Three counties in the Northern Neck and Middle
Peninsula (Essex, Northumberland, and Westmoreland) are among the top five producing regions
for both wheat and barley.

10



Figure 6: Map of Virginia Wheat Production by County, 2007
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Areas of concentration of the examined grains also reflect the local agriculture
requirements. For instance, production in the Shenandoah Valley is dominatedrgedht®
provide forage and grain for livestock herds and poultry. On the other hand, grain in Eastern
Virginia serves export markets and the regional demand of the poultry and swine industries.

Storage: Types and Capacity

A comprehensive examination gfain production also requires consideration of the
capacity and location of grain storage. Storage facilities allow grain to move according to signals
in the market rather having it all enter the system at harvest (Kohls and Uhl, 1997). For producers,
advantages include capturing higher prices later in the marketing year, increased flexibility in
where and when grain is sold, faster harvest times, and the ability to withdraw grain throughout
the year for animal feed (Edwards, 2010).

Normally, grain is hel and stored in two different ways: -tarm storage structures and
off-farm (commercial) facilities (Dhuyvetter, 1999These two broad categories may be
subdivided into four options: (1) investment in-fanm storage, (2) renting efiarm storage, (3)
investment in condominium storage built by a commercial elevator, and (4) renting commercial
storage. Each of these alternatives comes with advantages and disadvantages to grain producers
(Edwards2010).

1.

An investment in offarm storage gives a producer gezdlexibility in deciding when

and where to market the crops, guaranteed available storage space, convenient
management of stored grains, quicker transportation times during harvest, and
financing available from the Farm Service Agency.

Renting onrfarm storage also offers certain advantages, including more efficient
harvest due to more convenient storage capacity, rental rates that may be lower than
those from commercial facilities, rental agreements that are usually only for one year
at a time, and flakility in deciding when and where to market crops.

11



3. The advantages of investment in storage at a commercial elevator include: the elevator
may be able to build storage capacity at a lower cost per unit, the elevator handles the
grain and guarantees quglino additional transportation and handling is required if
the elevator merchandises the grain, and storage capacity can be sold if it is no longer
needed.

4. The advantages to renting commercial storage include: the producer pays only for the
exact amounof capacity needed, the producer pays for storage only for as long as it is
needed, the elevator handles the grain and guarantees quality, the elevator can dry the
grain, and no additional transportation and handling is required if the elevator
merchandisg the grain (Edwards, 2010).

Table 5 contains NASS effirm and orfarm storage capacity numbers for Virginia from
2008 to 2012. According to NASS, dffar m gr ain st orage capacity
warehouses, terminals, merchant mills, otherrsta ge, and oi |l seed crusher s
capacity includes ndall bi ns, cribs, sheds, an
used to store whole grai MN&SS 2013). seeds, or pul s

Table 5: Storage Capacity in Virginia, 200812, in Bushels

Off-farm On-farm Total
Year storage capacity storage capacity storage capacity
2012 35,000,000 55,000,000 90,000,000
2011 33,200,000 55,000,000 88,200,000
2010 31,800,000 50,000,000 81,800,000
2009 31,300,000 45,000,000 76,300,000
2008 30,300,000 45,000,000 75,300,000

Source: USDANASS (2013b).

Virginiabés total grain storage capacity 1in
of 35 million bushels of offarm storage and 55 million bushelsosifarm storage. The data also
reveal that overall storage has increased annually from 2008 to 2012. Historically, with record
amountsofoff ar m st or age, Virginiads greatest combi
bushels from 1988 to 1990 illustrate he storage trends graphically, §ur e 7 shows Vi
on and offfarm capacity numbers from 1988 to 2012.

8 NASS does not have storage data for Virginia prior to 1988.
12



Figure 7: Virginia Off -Farm and On-Farm Storage Capacity, 19882012
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Several cha@eristics are worth noting igure 7.
1. From 1988 to about 1994, total capacity decreased.

2. Capacity then remained relatively constant from 1994 to 2009. On average, grain storage
capacity was 76.1 million bushels during thisyEar span.

3. Since 2007total capacity has increased every year.

4. Grain storage in Virginia is largely characterized byfamm storage. Specifically, for
recent years (20082), the orfarm share of total storage is 60.7 percent compared to 39.3
percent held commercialfin the 25year period of analysis, commercial storage reached
a maximum of 43.1 percent of total state storage in 1995.

While off-farm storage capacity has remained relatively constant, the number of
commercial facilities has undergone significant changigire 8 plots the number of effirm

9 These results are similar to the overall span from 1988 to 2012 where the proportions are 60.8 percéarfor on
and 39.2 percent for ofarm storage.
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facilities during the period of study (198®12)° Notably, from a high of 196 facilities in 1988

to a low of 78 in 2011 and 2012, the number offafim facilities has generally declined over the

last 25 years, witlilecreases slowing in more recent years. This information, coupled with data
indicating relatively stable offarm capacityffigure7 ) , suggests that Virgin
facilities have consolidated and each now possesses a greater share ofdhke atarage. The

average capacity of a commercial facility in 1988 was 332,000 bushels, compared to 705,000
bushels in 2012 an increase of 112 percent.

Figure 8: Number of Commercial Facilities in Virginia, 19882012
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Finally, it is useful to assess where Virg
trends. Overall, Virginiabés total st-OlAS®&ge cap
2013b). More specifically, out of 40 stateeporting offfarm storage in 2012, Virginia ranked
32nd in commercial grain storage and 27th in the number of commercial grain storage facilities.
Virginia was tied for 27th out of 29 reporting states foifam storage capacity in 2012. Though

10 A more deailed examination of developments in commercial storage across the South Atlantic states (including
Maryland, Virginia, North Carolina, and South Carolina) is presented in the article "Commercial Storage in the South
Atlantic: A Summary of Four States" frothe February/March 2013 issue of Farm Business Management Update,
available ahttp://pubs.ext.vt.edu/AAEC/AAEQAG6/AAEC-46 PDF.pdf
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theseanki ngs suggest that capacity is small com
closely resembles its production levels. This matter is further exgkedon.

Location of Storage

In addition to analyzing trends across time, this studyidersthe geographic distribution
of grain storage capacity.Table 6 displays the five counties with the greatestaom storage
and their combi ned per-€asnncapagtye Just over\24 pegcenhof a 0 s
Vi r gi nfarm stsageisicaentrated in five counties. This presents evidence of some degree
of geographic concentration of-d&awrm storage.

Table 6: Regions in Virginia with the Most On-Farm Storage, 2007

On-farm storage
Rank County Volume (bu)
1 Rockincham 2,584,318
2 Southampton 2,502,411
3 Isle of Wright 1,775,212
4 Shenandoah 1,558,499
5 Augusta 1,515,255
Total 9,935,695
Total on-farm storage (Va.) 40,970,443
Top five share of total 24.3%

Source: USDANASS (2009).
Rankings do not takinto account nondisclosed counties.

Figure 9 presents eflarm grain storage capacity for Virginia counties in 2007 and indicates
that farm storage is particularly concentrated in the Shenandoah Valley and Tidewater region.
These areas reflect some offViii ni a dé s jpnoducing argas. dt isampaortant to note,
however, that much of the storage capacity in the Shenandoah Valley is used in support of the
statebds poultry production and is wunav.ail abl e

11 Estimates used in this discussion are drawn fror2®@& Census of Agriculture for Virginia (USBNASS 2009).

It is important to note that, while this data source offerfaom storage capacity disaggregated at the county level,

off-farm capacity is only reported at the state level. More than 50 peitenttoh e st at efarm(Figaepaci ty i
7); the distribution of o#iarm storage capacity is assumed to be a suitable proxy for the distributionfafnoff

storage.
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Figure 9: Map of Virginia On -Farm Storage Capacity by County, 2007
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Joint Consideration of Grain Production and StoragAcross Time

In practice, production and storage are not separate decisiofarm@storage allows
producers to capture profit opportuni ffarmes t hr
storage facilities, elevators buy and store grain, facilitate its transportation, and connect buyers and
sellers (Henderson and Fitzgler®008). Given the link between production and storage, it is
important to compare levels of Virginia grain production and total storage capacity. Figure 10
considers this relationship by overlayi2ng t he
and total storage capacity (fig. 7) from 1988 to 2012. As shown in the graph, although Virginia
has lower levels of grain storage compared to other states (Section Ill), the capacity appears to
meet and often exceed production. Across thgezs spanthere was an average storage capacity
surplus of 13.9 million bushels. Figure 10 shows that 21 years had excess storage with surpluses
averaging 17.8 million bushels per year, and four years had deficit storage with shortages
averaging 6.3 million bushefser year.
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Figure 10: Virginia Storage Capacity and Grain Production, 19882012
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Source: USDANASS (2013b).

While figure 10 offers a useful snapshot of total grain production and capacity, it masks
the important movements in &g markets. In reality, grain rarely enters the marketing channels
all at once, and not all of it moves directly into storage once harvested. Another limitation is that
some grain fl ows i nutsidethe statpiand vicedeséda.st or age fr om
It is useful, however, to compare grain production volume relative to storage potential. In
order to obtain a more intuitive view of the relationship between storage and production, figure 11
portrays the years of excess and deficit grain storage. As showagnagbh, from 1988 to 1993,
Virginiabdés storage capacity considerably exce
production exceeded capacity in only four years (2000, 2004, 2008, and 2009) and some recent
surpluses (2005, 2006, and 201 Bravrelatively small.

2 A more detailed examination of grain imported into Virginia by rail is presenteceintar t i cl e " Vi rgi ni
'Imports' by Rail: A Summary" from the August/September 2013 issue of Farm Business Management Update,
available ahttp://rews.cals.vt.edu/fbripdate/2013/08/07/virginiagrainimportsby-rail-a-summary/

17



http://news.cals.vt.edu/fbm-update/2013/08/07/virginias-grain-imports-by-rail-a-summary/

Figure 11: Surplus or Shortage in Virginia Storage Capacity, 19882012
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These observations suggest that Vinedgn ni ads
recent years. This outcornsesupported by the results iafle 7, which presents findings of a two
period analysis that considers the storage shortages and surpluses of normal producttdn years.
The periods were devel oopdrodghtbygars ;o two petiodsnofnin® i r g i
years each. When compared, the second period experienced not only more years with a storage
deficit than the first period, but also a smaller average surplus in years of storage excess.
Importantly, these measursaggest that storage has likely been hampered to a larger degree in
recent years compared to the past. They also imply that if production experiences periods of
significant growth, the current capacity levels for storing grain may not be sufficient aed mo
shortage years may occur.

1 The table seeks to compare production and storage levels to uncover possible storage capacity constraints when
output is as high as possible (achieved during normal ptiodugears). Years of drought were ignored because they
naturally leadtoabovaver age storage surpluses, and they bias conc
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Table 7. Two-Per i od Compar i s daragedcShortayes ang Surpliused wsderS
Normal Grain Production Years

Period 1 Period 2
1989, 1990, 1992, 2003, 2004, 2005,
Years in period (9) 1994, 1995, 1996, 2006, 2007, 2008,

1997, 200, 2001 | 2009, 2011, 2012

Shortage years

Number of years with shortage 1(11.1%) 3 (33.3%)
Average amount of shortage (bushel 1 7.5 million 15.9 million
Surplus years

Number of years with surplus 8 (88.9%) 6 (66.7%)
Average amount of surplus (bushels) 12.7 million 6.3 million

Source: USDANASS (2013b) and authors' calculations.

Conclugons and Discussion

From poutry, cattle, and hog operations to tobacco, tomatoes, grain, and soybeans,
Virginia offers a wide agricultural portfolio. Within this collection, Virginia produces a number of
grains, including barley, corn, sorghum, oats, rye, triticale, soybeans, aatl We¢hese, corn
and soybeans dominate grain production, foll o
production comes from the Shenandoah Valley, Northern Neck, Middle Peninsula, Tidewater
region, and Eastern Shroweer prodicedearrecdrd high 86imrlligni ni a o
bushels in 2011 and generated an average of 73.7 million bushels over the last five years (2008
12).

With respect to Virginiads grain storage c:
fairly consistent ogr time and ofiarm storage capacity is approximately 61 percentotdl
storage. The number of commercial facilities decreased considerably since 1988, but this decline
has sl owed in recent years. Ov er al dcapadityis ¢c o mp a
relatively low, which may present opportunities for expansion.

Combining the production and storage data reveals that capacity has been more challenged
in recent years than in the past when storage consistently met grain output levetgofirhigion
is important because it implies that if Virginia grain production increases substantially, storage
may also need to increase to facilitate its distribution at the desired time. The majority of this
increase might come from farms if -f@rm storge levels remain around 60 percent of total
capacity.

The information presented offers polioglevant insight that will be useful for several
stakeholder groups. For instance, in the event of increasing grain production and subsequent
storage shortages,saries of questions would need to be addressed concerning the financing of
future storage construction, the location of future storage facilities, the type of future capacity (on
farm versus commercial), the creation of economic incentives conducive texgansion of
storage capacity, and an aging farming population that may be unwilling to invest in new storage
facilities. Private enterprises, state and local governments, producer associations, industry boards,
cooperatives, and farmers should be attiue/olved and have a role in these decisions.

This study suggests several areas for potential future research.

19



1. A study that examines where and how much commercial storage exists and conducts a
spati al anal ysis of t he svbuidtoked imponant@mtdu ct i 0O |
geographically refined insight into likely locations of future storage constraints.

2. Research examining the flow of grain in, out, and within Virginia and considering the
stocks of grain at various times during the year in gifiegeographic areas would help to
further understand and resolve possible storage capacity constraints.

3. Understanding of this sector would be further enhanced by examining two additional and
integral components of the supply chdn the grain transpoation network and the
demand for grain by Virginiabds |livestock i

Combined, this information would offer additional insights into both the current function
and expansion potential of Virginiads grain s
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Chapter 3: Grain Consumption and
Production in Virginia: A Trend and
Spatial Examination

Introduction

Agriculture is Virginiads most i mportant
impact of $52 billion (Rephanr013). The grain, poultry, and livestock sectors are critical
contributors to this industry. Though ranked 31 out of 50 in terms of the market value of all
agricultural products sold in 2012, Virginia was fourteenth in the U.S. for poultry and eggs sales

(Virginia NASS Field Office, 2015a) . I n 2013,
corn, and wheat) and soybeans totaled $583 million (VDACS, 2015). These grains and soybeans
help support the stateods | i vedeveré2kbiliannndcaspoul t r

receipts in 2013 (VDACS, 2015j.

This study analyzes both the overall magnitude and distribution of grain production and
consumption in Virginia. More specifically, it describes the sources of grain production and
consumptionidentifies trends over time, and shows the resulting grain production surplus/deficit
areas across Vi r gilexel exammaticnasumportant lrecausé it leads diomewy
insights and implications, particularly concerning transportationrallyéhe research provides an
updated assessment o f Virginiabés ability +to
opportunities in the current system, and shec
sectors. Highlightsf this study ee:

Corn, soybeans, and wheat are the main sources of Virginia grain production;

Grain production has shown yearyear variability, due primarily to drought affecting

corn production;

Poultry industry is the largest consumer of grain in the state;

Geneally, the demand for grain by the livestock and poultry sectors exceeds the amount
produced in the state, making Virginia a n
1 However, the grain production deficit is decreasing due to declining livestockagiops!

and increasing feeding efficiency;

1
1

il
il

T Most of Virginiads grain is grown in the i
95;
T Due to substanti al poultry operations, Vir

Shenandoah Valley area;
1 Thoughthe Shenandoah Valley grows a large amount of grain, the region experiences the
most severe grain shortages;

14 The commodities included in the calculation are broilers, cattle/calves, milk, tugkeyeggs.
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1 Transportation is crucial to move grain to demand areas to supplement the grain
shortages, both within the state and from out of the state; and,

1 Grain storage is important because it connects seasonal production with yearlong
consumption by poultry and livestock.

Overall, the results provide market insight and foundational knowledge to address the

needs of Virginiabs gcos.ilmadditibonj thisessidy dedpk to uneaved p o u

and quantify constraints in the grain production markietally, the study applies a methodology

to estimate the animal feed requirements at the-siateécountylevels, which can be replicated

for approxmation in other stated-ollowing sectiors review relevant literature and previous
research, present stdéwvel trends of grain consumption and production in Virginia, and include
the methodology used and the results of the spatial distributions of tthessomponents in
Virginia. Concluding remarks, discussion, and policy implications are presentedassection.
Appendices A and B provide additional trends, maps, and descriptive methods concerning grain
consumption and production in Virginia.

Lit erature Review

A number of studies have examined grain consumption or feed requirements using
different estimation methods and geographical scopes (e.g. national or state). Meilke (1975)
proposed a skequation simultaneous model (incorporating feedd faad industrial use, exports,
previous stocks, and animal units) to calculate and predict levels of feed demand at national level
in the United States. More recently, Dikshit and Birthal (2010) take a different approach by
developing animal population nirars and using amount fed per anhtygle to estimate grain
consumption in India. Others studies have used similar procedures as Dikshit and Birthalb (2010),
but applied the methodology to a more local level. For instance, Lammers, Hart, and Honeyman
(2012 used animal population numbers and corn used per type of livestock to calculate corn
consumption in lowa in 2010. A limitation of this study may be that it is not wholly representative
of grain consumption since corn is just one of the major row crapsoféivestock (Capehart,
2015). Others also invoke the approach of aggregating the rations fed to livestock, but include
more crops and a wider regional coverage (Lazarus, 1980). Huffman and Kenyon (1999)
developed estimates of consumption for Virginiging animal population quantities and the
amount fed per animdype to calculate corn and soybean consumption from 1965 to 1997. While
that study is limited by the narrow portfolio of feed grains considered, it offers additional insight
by taking the angbis beyond the state to the agricultural district |év&l.another studyTiffany
and Fruin (2002) examined grain (including corn, oats, and soybean meal) consumption and
distribution patterns at the courwvel in Minnesota in 1999 using similar prdeees to Huffman
and Kenyon.

Differing in method from the aforementioned studies, the Economic Research Service
(ERS) of the United States Department of Agriculture (USDA) has been estimating variables
related to grain consumption at the national levelofeer a hundred years (USB2RS, 1963).

This method includes a series of stelysobtaining population numbers for livestock fed during
the year; 2) developing animal units by weighting the animals according to their relative feed

B®The National Agricultural Statistics Service divides
in-depth information in terms of location.
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consumption (e.g. onegdiler does not consume the same as one dairy cow); and 3) multiplying

the number of animal units by the tons of grain consumed per animal unit to achieve total annual
grain consumption (Capehart, Allen, and Bond, 2013; Capehart, 2013). At least twe kawdie

used the ERS procedures to investigate grain consumption at théesthteone by Conley,

Nagesh, and Salame (2012) at the University of Nebraska and another by the Agricultural
Mar keting Service (AMS) of t he USSdmputddRheat er
average number of ani mal consuming units from
2013), while Conley et al. (2012) calculated corn consumption by grain consuming animal units

as well as the total corn utilization (including atl@&enues for grain such as industrial use and

seed) for each state over the 2.0 period.

The present study largely applies a method developed and used by the ERS, and makes
additional steps to develop spatial insights at the celentl. Such steparticularly include
identification of sufficient proxy variables since stieel variables are not always available at
the countylevel, and a brief discussion of ways to increase the spatial accuracy of the data on a
map. Combi ni ng withtbeseaBdBidnal atgpp leadsaocnéw insights and provides
a methodology that may be applied in other regions.

Trends in Virginia Grain Consumption and
Production

Data Sources and Methodology

Analysis encompasden this paper focuses ahe majorcomponents of the grain supply
chain in Virginia: grain production and consumption by livestmo#t poultry Thesevariables are
intended to measui@ gr ai n suppl yo YXmMrginiadgomaloa? to @@&laThen d O
research primarily makes use of pehlly availabledatafrom U S D A Rasional Agriculural
Statistics Service (NASSJ.Unlike production datawhich is readily available, additional steps
areneeded to estimate Virginiabds grain consumpt
theERSand AMS to calculate the consumption or de
The procedure requires the followiggneraktepsobtain animal population numbers that are fed,
examine how much each animal consumes, and aggregate all consupgtigear) to arrive at
a total(in tons?®).

Grain production or supply is derived from aggregating barley, corn, soybeans, and wheat
productionfor thetwenty-three yeaperiod of study. Eleven animal groups including various types
of cattle and poultryhogs, sheep, and horses were used in the calculation of grain consumption in
Virginia. Following the ERS methodologyivéstock and poultry population numbers were
converted(where applicableto a SeptembeAugust year to match the crop production and
maketing cycle Capehart, Allen, and Bond, 201¥apehart, 2013 The following two

16 For the sake of simplicityhetermsigr ai n suppl yo/ iffjgraainn pdeomdarcd 6 om@dr ainmd
are used interchangeably

“"Data are available via NASSO o n NA®Se2015g dnd theefiicial repprts o g r a m,
posted on their website. The names of the relevant NASS reports for each comaregrovided in the report and
appendices. For example, infor mat iPRoaltry®mdudionaidVaues and t |
BAs shown | ater, the amount consumed per animato unit i
compare both variables.
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subsections briefly describe thariables collected and used to represent the different crop and
animal groups

Grain Production

Virginiads gr ai n qurmathwodsi bartey, comnseybeanssando f f
wheat!® Crop production datat the statéevel were obtained from th€rop Production, Annual
Summaryreports, released by NASS. In order to compare grain production against grain
consumption, production is coerted from bushels to tons using the conversion factors shown in
Table8. Theconversion is done by multiplying the bushels produeedgiven yeafor each grain
by their respectivaveights (see equation below).

Basic principlei Cr op ( Production in Bushels)o * ACrop@
Pounds per Tond = ACrop (Production in Bushel
Forexamplefi 2014 Gr ai n Pr o=d uic2tOilodn B(airn etyorPs)oadduct i on
0.0240 + nAn2atd4i Gar i R rbdshels)o * 0.0280 + A2
bushels)o * 0.0237 + A201 Wheat Production (

As noted in the equationn @amportant step must be taken to convert soybeans to soybean meal

the portion relevant to animatdds. Specifically, a 60ound bushel of soybeans generates 47.3
pounds of soybean medilffman and Kenyon, 1999The production (in tons) of barley, corn,
soybean meal, and wheat is then aggreg?dted fo

Table 8: Factors to Convert Grain in Bushels to Tons

Crop Pounds/Bushel | Conversion Factor (Tons/Bushel)
Barley 48 0.0240
Corn 56 0.0280
Wheat and soybeans 60 0.0300
Soybean meal 47.3 0.0237
Sour ce: Prater and OONeil, 2013.

Grain Consumption

The ERS provides the following steps to generate grain consumption: 1) obtain animal
population numbers that are fed; 2) weight the animals according to their relative feed
consumption; and 3) multiply the number of animal units by the ¢ grain consumed per animal
unit (Capehart, Allen, and Bond, 2013; Capehart, 2013). Thus, the initial steps involve identifying
the relevant livestock groups and collecting their population numbers from 1992 to 2014. With its
wide agricultural portfob, Virginia livestock include cattle (dairy, beef on feed, other beef),
poultry (broilers, turkeys, layers, and pullets), hogs, sheep, and hoes#s9 lists the eleven

livestock commodities and their respective variable type (@ . , Ai nventory, 0o fAp
Al though technically an oilseed, soybeans andsmiar ouped
role in the grain supply chain.

20 Total production is used because grain consumption cannot be separatechintd v i d u al component s

amount oftornc onsume d o) .

25



The ERS and AMS procedures include ten of the variables, but leaves out horses. Since horses are

a sizeable part of Virginia agriculture (Rephann, 2011), they are also included with the previous

ten variables to folw the ERS methodology and capture all major animal groups of Virginia grain
consumption. Specific details pertaining to the consumption calculations such as where the data
may be found in the NASS reports, which variables were converted to a Sepfamgbst
marketing year, and any additional steps taken are provided in Appendix A.

Table 9: Livestock and Poultry Considered in Assessment of Virginia Grain Consumption

Livestock/Poultry Type Variable Type Esti mated 2014

Cattle, dairy cows Inventory on January 1 93,000

Cattle, dairy heifers Inventory on January 1 43,000

Cattle, beef, cattle on feed | Inventory on January 1 20,000

Cattle, beef, other Inventor_y, derived (see 1,314,000

Appendix A)
Poultry, broilers Producton (head) during yed 258,900,000
Poultry, turkeys gro.d“C“O” (number raised) 16,000,000
uring year

Poultry, layers I(g\ézn;%rgér?g;ri?ejenved 2,949,167

Poultry, pullets Derived (see Appendix A) 9,998,286

Hogs Pig crop 70,000

Sheep Inventory on January 1 75,000

Horses and mules Derived (see Appendix A) 215,000
Sources: Prater aNAS®ONR2OLS5; 28uBhotUS®Acal cul a
See text for an explanation of authorsdé calcu

After animal population numbers are gathesedstimated, the next steps to calculate total

grain consumption involve developing fAani mal

year. Then, animal units are multiplied by the amount of grain consumed per animal unit.

The

concept uoif tS@&aniaca@dr esses

© diferent anamdls f o r

have differenenvironmental impastandfeed requiremest(MDA, 2015) Thus,ERS developed

t he fAgrain

consumi
weights were estimated by comparing the grain consumption of different livestock species to the

ani mal

ng

unito (GCAU)

dry-weight grain consumption of one dairy cowable 10 shows the weights or factors for the
different livestock groups, which were last doped in 19691 from a survey of feeding data
(Capehart, 2013; Hollis, 20D2The factors imply that, the annughinfeed requirements of one
dairy cow are equivalent mpproximately 524 broilers, 68 turkeys, or 4.6 h8igko estimate the
number of gain consuming animal units (GCAU), the population for a given species is multiplied
by its respective GCAU factor shownTable 10.?? Then,total (annual) grain consuming animal
units in Virginia are calculated by summing all tvestock GCAUSs (e.g. cattle GCAUSs, poultry
GCAUEs, etc.) for the respective year.

21 For example, the broiler factor 0020 andhe dairy cow factor is 1.0475. 1.0475/0.0020 =.524
22 For example, to generate GCAUSs, the number of dairy heifers is multipli€d17$1 the nunber of broilers by
0.0020, the number of hogs by 0.2285, and so on for the remaining livestock commodities.
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Table 10: Grain Consuming Animal Unit Factors for Different Animal s

Animal Group GCAU Factor
Cattle, Dairy Cows 1.0475
Cattle, Dairy Heifers 0.1761
Cattle, Beef, Cattle on Fee( 1.5323
Cattle, Beef, Other 0.0547
Poultry, Broilers 0.0020
Poultry, Turkeys 0.0155
Poultry, Layers 0.0217
Poultry, Pullets 0.0054
Hogs 0.2285
Sheep 0.0194
Horses and Mules 0.2043

SourcePr at er and. O6Nei |, 2013

Thelast step in estimating grain consumption is to multiply the total yearly GCAUs by the
amount of grain consumed per animal YRigure 12). An equation of these steps is provided
below.

Basic principlefiLi vest ock/ Popultatyi dyp@e®sAiGCAU Factor o
GCAUO

Forexamplei 2014 Gr ain Cons({in2p0tlido nDa(iirny tCoomms )Poo pul a't
+ A2014 Dairy Hei f erés+iP2o0pludl aHoirosnedo Po gOu.l la7t6i 10 n+0
2014 Tons FesdumemgGrAai maCo Unit (2.345 tons/ G

Data on feed per animal unit is obtained from ERS on a marketing year basis (such as
2012/13, which corresponds to 2012 in this analysis). The numbers represent all feeds, including
the major energy feeds (corn, whestc.) and oilseed mealkigure12 shows that the amount of
grain fed per grain consuming animal unit has varied from about 2.1 tons to 2.7 tons-BREDHA
2015a). Importantly, these numbers correspond roughly to the graingd&d to livestock and
poultry?® According to the ERS, the amount of feed per grain consuming animal unit reflects
changes in feeding efficiency and grain prices over time (Capehart, Z0B%ing feed prices

232.1 to 2.7 tons of feed is between 4,200 and 5,400 pounds. According to Jacob and Pescatore (2012), 10 to 11 50
pound bags of feed are needegbtoduce fifty 5pound commerciatype broilers (more bags are required to produce
heavier chickens). One GCAU of broilers is 500 chickens. Therefore, about B0 bags are needed for 500
chickens, or 5,250 pounds of feed (6,750 pounds are needesbtecp 500 §ound chickens). Layers require about

four 50-pound bags of feed per month to feed 25 hens (Jacob and Pescatore, 2012), which is about 4,423 pounds of
feed for one GCAU of layers (4 bags for 25 hens * 50 pounds per bag * 12 months * 4618 &y&CAU / 25

hens). As an approximation of the grain consumption by a dairy cow (which is about one GCAU), the normal lactation
period is between 290 and 310 days, with an average of 296 days (Adams, Hutchinson, and Ishler, 2015). According
to Huffmanand Kenyon (1999), a lactating cow is fed 17 pounds of grain concentrates daily, which is about 5,032
pounds during the period. Fisher and Hutjens (2007) estimate that the diet for a dairy cow could include 25 pounds of
grain mix per day (in addition to Bstantially higher wet feed such as forage).

24 For example, grain faced a severe price shock in 1995 and 1996, which caused a decrease in the amount fed to
livestock (Light and Shevlin 1998). In addition, Karlin (2014) finds a good fit between the aneaupef grain
consuming animal unit and the price (at least for corn).
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can alter shorterm trends of feed per GQAas higher feed prices push livestock producers to
slaughter at lower weights and put more animals (such as cattle) on pasture (Capehart, 2013).
Conversely, when feed prices decline, feed use per GCAU increases as more animals are fed for a
longer periodand moved to feedlots (Capehart, 2013). Generléyamount of grain consumed

per animal unit has declined over the period, but increased the past two years.

Figure 12: Tons of Feed Consumed per Grain Consuming Animal Unit, 1992014
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Results
Grain Production

Virginia was ranked 29in the nation for sales of grains and oilseeds in 20i@jifia
NASS Field Office, 2015a}5rain production in the state is mainly characterized by corn, soybean
(conveted to soybean meal for this analysis), and wheat production, reldhively smaller
amounts of barley productiofigure13). The respective shares of total grain production in 2014
were 2.0 percent for barley, 54.6 percentfam, 23.0 percent for soybean meal, and 20.4 percent
for wheat.Yearto-year fluctuationsn total grain productiomre mainly due to low productivity
(yi el ds) of V i Caffarefii ietaaf) 2014w). dNeverthetessp grain (production in
Virginia has experienced a slight positive increase over the period from 1992 t&rfat4,. grain
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production in 2013 and 2014 reached amounts comparable to the peak levels only achieved in the
1980s®* Foramor e detail ed examinat ionrseeCaffarliierayi ni a o

(2014b).

Figure 13: Grain Production in Virginia, 1992-2014 (Million Tons)
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Grain Consumption

I n terms of Anumber of h e a d the largest gharp ofl at i o
Virginia livestock production with 7.8 million units fed out of a total of89.7 million animals
in 201426 However, the conversion of livestock populations into comparable units based on feed
consumption changes the relative weigltdifferent animal populations. For instance, grain
consuming animal units appropriately increase the weight of cattle while lessening that of poultry.
This is important because the grain consuming animal units show the overall trends in grain

25 For example, peak grain production levels prior to 2012 were in 1982, 1981, and 1984 with 100,905,000,
97,107,000, and 95,830,000 bushels (respectively) of barley, corn, soybeanheahdsrain production in Virginia

was 100,128,000 and 95,922,000 bushels in 2013 and 2014, respectively.

%The calculation for fApoultryodo includes broilers, turKkeé
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consumptiorthat are due to changes in the different animal populatiohscording to Prater and

O6 Nei | (2013) , V M ingdhie matian basex ©n theaanekagednunb@ of grain
consuming animal units from 2006 to 2G0n Virginia, the number of grain esuming animal

units has generally declined over the period of 1992 to 2014, as shokiguire 14. This
downward trend is mainly due to generally declining populations of broilers, turkeys, layers, hogs,
and dairy cows® (Appendk A contains figures that plot Vi
time). The reduction in the number of hogs raised in Virginia is particularly notable from 2010 to
201430

Figure 14: Number of Grain Consuming Animal Units in Virginia, 19922014
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As previously explained, estimates of total grain consumption by livestock are obtained by
multiplying the number of GCAUSy the amount of grain consumed per unit. Due to the combined

’For example, to say that Vihregaidnoi aibdss nheiavneisntgolceks sfi dienc |tienr
grain consumption as animals of different species deaoasumehe samemount of graininstead, it is useful to

convert all animals to the same unit and discuss changes in that comparable unit.

28The five leading states in terms of GCAUSs over this period was Texas, lowa, North Carolina, Nebraska, and Kansas.

2%|n terms of the other livestock and poultry populations, pullets and beef cattle on feed have generally declined, and,

while sheep numbers have tieed earlier in the period, some of the population has returned.

¥ nterestingly, a fall in Virginiads hog production in
which devastated hog production in other states (Murphy, 2014).
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effectsof declining livestock populatior(seflected inFigure14) andgenerallyincreasng feeding
efficiency(Figurel2), the total amount of grain consumed in Virgihesdecreasd (Figure15).

As a note, the proportions of feed required for poultry, cattle, hogs, and other remain constant in
figuresreflected inFigure14 andFigurel5; incorporating changes in tons fed per GCA sy
changes the height of the columns.

Figure 15: Estimated Grain Consumption in Virginia by Livestock and Poultry, 19922014
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In a past study of grain consumption in Virginkduffman and Kenyon (1999) examined
corn and soybearonsumption from 1965 to 1997. Their approach made use of animal population
numbers and the specific rations of corn and soybeans fed to each animal comirooditg
comparable years of 1992 to 19®¥Hyffman and Kenyon identified increasing corn and soybean
consumptonThough their results are not directly al
findingsaremostlyin accordance with the observations found in this analysis, with the exception
of 1990 a marketingyear that the ERS saw a significant drop in the amount consumed per
GCAU3! Interestingly, current estimateshowing decreasinglemand for grain contradict
Huf f man and Kenyondéds (1999) predictioouldt hat 0
continue.

31 Grain faced a severe price shockli895 andl996, which caused a decrease in the amount fed to livestock (Light
and Shelvin 1998).
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Indicated in previous figures, poultry comprises the largest share of Virginia grain
consumptiort? Specifically, from 2009 to 2014, the average share of total grain consumption was
728 percent for poultry, 1.9 percent for cattle5.5 percent for hogs, and 3.8 percent for othier
recent year s, p censumptignbas incsehsad vehile ahe share of &adgs has
decreasedseeAppendix A which containsdditional charts breaking out the shares within the
poultry and cattle groups

Grain Consumption and Production

Figure 16 presents the aggregate grain production and consumipyidivestock and
poultry for Virginia from 1992 to 2014. The decline in grain consumption has been accompanied
by generallyicr easi ng grain producti on praduceohdsfict Cons e
has been di minishing over time, even turning
livestockand poultryrequired an average of6d million tons of grain, whe grain production
averaged 24 million tons. When combined, these two measures resulted in an average grain
production shortagef 422 thousand tongor 15.1 million bushefS). Comparing the average
productiondeficit in 20032008 to 2002014, the shaage in Virginia fell by 952 thousand tons
or 69.3 percent.

32 Virginia was ranked fourteenth in the U.S. for poultry and eggs sales in 2012 (Virginia NASS Field Office 2015a).
33 Using themetric of 56 pounds/bushel.
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Figure 16: Grain Consumption (by Livestock and Poultry) and Production in Virginia,
19922014

4.5

4.0

3.5

Tons (Millions)
N N w
o (631 o

=
o

=
o

0.5

0.0
\99% \qu( \996 \99% fLQQQ @QQFL fLQQD( @ng '-LQQ% rLQ\Q rLQ\q’ rLQ\b(

Grain Consumption =il=Grain Production

Source: USDANASS; USDAE RS ; aut horsoé calcul ati ons.

Importantly, the gram productiondeficit isunderestimated as itisfluenced by additional
uses of Virginia grain such as grain expamsiquantities used for segihdustrial useand human
consumption (Lazarus, Hill, and Thompson, 1980). While it is more difficult imat the
amount of Virginiagrown grain that goes to human consumpfibit,is possible to roughly
estimate the amount of Virginiads grain expor
exports, including corn, soybeans, soybean meal, andtwihea 2000 to 2014 (USDARS,
2015b) . Comparing the fAvalue of grain exporte
from 2009 to 2014, Virginia exported an average of 16 percent of its corn (149 thousand tons), 65
percent of its soybeans (417 tisand tons), and 63 percent of its wheat (223 thousand tons), for a
combined 790 thousand tons. Grain exports experienced fluctuations from 2000 to 2010 (with an
average of 652 thousand tons), but have increased every year from 2010 on.

Combining this restiwith the 422 thousand ton grain shortage due to livestock and poultry
consumption (over the same period) suggests that Virginia requires about 1,212 additional tons.
Interestingly, Virginia does bring in a substantial amount of grain by railroad froMitiveest,
including the states of Ohio, lllinois, Indiana, and oth&@affarelli et al., 2013). From 2006 to

For instance, most of Virginiads wheat fields are sof
crackers. Other wheats for bread and pasta (for human consumption) must be imported into Virginia fretatesher
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2010, Virginia took in an average of 2.48 million tons of grain that originated in the Midwest
(Caffarelli et al., 2013¥°

Timing is another impaant issue that merits more detailed discussion. Grain production
is seasonal, yet grain consumption occurs-yeand. In Virginia, barley and wheat are harvested
in June and early July, and corn and soybeans are harvested in the fall-(QUSE5\ 2010). A
a result of this timing disparity, grain storage and transportation are important to keep a supply of
grain available outside harvest times and to
grain stocks held by commercial facilities are highefécember following the corn and soybean
harvest (Caffarelli et al., 2014%).

®¥During that time (2006 to 2010), Virginiads grain prod
655 thousand tons, for a combined 1.77 million tons. Note: the analysis does not include product that is used for
industry/huma or quantities that move across state lines by truck.

36 For more information on how grain production compares to grain storage in Virginia, see Caffarelli et al. (2013b).
Interestingly, fall grain stocks and production compared against storage capaaityinjeg potential storage
shortfalls at harvest) show that Virginiabs storage i s
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Spatial Distribution of Virginia Grain Consumption
and Production

Data Sources and/lethodology

To further assess the situation of grain production and consumption in ¥jrtlieisame
methods used in the stdtvel estimates are now applied at the codetel to gain spatial
insights. On the supplyide, once again, grain production includes barley, corn, soybeans, and
wheat (where soybeans are converted to soybean ntetdleaamounts of each crop are converted
to tons and aggregated). In terms of the dersaahel or grain consumption, the same general steps
are applied:obtain animal population numbers for each commodity per county; convert
populations to animal units by eighting the livestock according to their relative feed
consumption; and multiply the number of animal units in each county by the tons of grain
consumed per animal unit (in 2012) to generate total grain consum@bantylevel data was
obtained from th012Census of Agricultur@JSDA-NASS, 2014). Countievel estimates are
just generated for 2012 to correspond to the most r&@mmgusavailable.

Importantly, though thenethods used to estimate grain consumption and production at the
countylevel pardlel those used in the stalievel calculations, there are two unique issues to be
aware of: 1) the degree to which Census dat a
popul ation numbers developed in tberaceviofist
production and population distributions displ
arises because NASS does not collect all oséimee variables in the periodic Census that it gathers
annually (vhich areused in the statkevel calculations). For example, tBRSmethodology uses
Abroil er productiono and the fApig cropo as ¢
respectively. However, NASS does not collect data on the pig crop or broiler production in the
Census so adjtreentsare requiredThe second issue is due to the fact that NASS does not publish
data for every county as a means to avoid disclosing information on individual opetations.

I n order to simplify the | anguagejdhowhe fir
close the aggregate coudgvel (Census) estimate resembles the déatel estimatefor a
particular variable The second issue is redbowrexmcdthda o as
spread i s across Virgini admcytmitigatedirg, by.thefadte i s s
that most of the variables in the Census are the same (or reasonably similar) to those used in the
annual statdéevel calculations and, second, because colmitgl data from the Census estimate
97.7 percent of the pected 2012 grain consumption. In #fesence of a similar match, variables
are selected that most closely reflect the expected 2012estatgpopulation for the given animal
type. The second issue of distribution accuracy is not a substantial probmnsdst of the
county data are disclosed (often 90 percent or more) for the production and livestock consumption
categories. As g@eneral procedure, the naisclosed data are distributed equally across non
disclosed counties. However, wherever poss#iglitional measures are taken and explained to
enhance the distributional accuracy of certain livestock groups (see Appendix B).

37 For example, NASS does not release the information if a county contains less than three operations.
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Grain Production

As in the annual calculations, grain production at the cel@vigl consists of barley, corn,
soybeans (rmed), and wheat. Since the variables used to estimate the grain supply at thenstate
countyl evel s bot h r efortehsee nyte afrpr acdchuec tiisosruce of fimag
not present{able11).38In addition,thes sue of #fAdi stribution accurac
of the grain production at the courgvel is disclosedThus, it is reasonable to believe that the
guantities reflected on the maps (in the Results section) are the expected amount and in the
appropriate location.

To obtain tons of grain prodedin each county, final steps include converting bushels to
tons (by multiplying the amount of each crop by its respective facibalie8) and aggregating
the tons of barley,arn, soybean meal, and wheat.

Table 11: Comparison of Annual and Census Data for Virginia Grain Production

Barley Corn Soybeans Wheat
State-Level Variable:
Type Production | Production | Production | Production
(bushel¥ (bushel¥ (bushel¥ (bushel¥
Time Frame/Date 2012 2012 2012 2012
Amount 2,870,000 | 36,050,000/ 24,360,000 15,360,000
County-Level Variable:
Type Production | Production | Production | Production
(bushel¥ (bushel¥ (bushel¥ (bushel¥
Time Frame/Date 2012 2012 2012 2012
Amount 2,905,047 | 33,984,647| 22,680,879| 14,804,947
Percentage Difference 1.2% -5.7% -6.9% -3.6%
Amount Disclosed 2,607,902 | 33,703,317| 22,552,678| 14,578,900
Amount Non-Disclosed 297,145 281,330 128201 226,047
Percent Disclosed 89.8% 99.2% 99.4% 98.5%
Percent NonDisclosed 10.2% 0.8% 0.6% 1.5%
Source: USDANASS, 2014; authorsoé6 calcul ations.

Soybeans are not yet converted to soybean meal in the table.
The variable Atypeso fandcounlevélsmare the samhas Thisis aab
true for all livestock and poultry.

at

Grain Consumption: Animal Population§&CAUs, Grain Consumed
Per GCAU, and Total Grain Consumption

Akin to the annual grain consumption calculations, the first step is identifying the variables
to represent the variousvestock groups. However, as mentioned previously, an important
consideration to bear in mind is that the same variables used in the annual estimates (following
ERS and AMS procedures) are not collected in the Census. For comparison puraolssls?

38|n fadt, due to the comprehensiveness and effort involved in conducting the Census, théesmliizta are likely
a more accurate representation of the fAtrued productio
are not replaced by Census rhers in order to maintain a consistent variable to observetg:g@ar changes.
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lists the variables used in the stad@d countylevel estimates for each animal group. Notably,

some variables such as those used to represent horses, cattle, and sheep are the same (or essentially
the same) in both calculationsshi | e fimost representativeo pr ox
poultry and hogs. Further details comparing the selected Census variables to the annual ones and
describing any issues related to magnitude or distribution accuracy (as well as additpsnt ste
mitigate) are provided in Appendix B.

Table 12 Variables for the StateLevel and County-Level Grain Consumption Estimates

Animal Group State-Level (Annual) County-Level (Census)
Variable Variable

Cattle, Dairy Cows Inventay on Jan. 1, 2013 | Inventory on Dec. 31, 2012

Cattle, Dairy Heifers Inventory on Jan. 1, 2013 | Not available

Cattle, Beef, Cattle on Fee( Inventory on Jan. 1, 2013 | Inventory on Dec. 31, 2012

Cattle, Beef, Other Derived (see Appendix A) | Derived

Poultry, Broilers Production (head) in 2012 | Sold/moved in 2012

Poultry, Turkeys Production (head) in 2012 | Sold/moved in 2012

Poultry, Layers Inventory (average) in 2012 Inventory on Dec. 31, 2012

Poultry, Pullets Derived (see Appendix A) | Inventory on Dec. 31, 22

Hogs Pig crop in 2012 Inventory on Dec. 31, 2012

Sheep Inventory on Jan. 1, 2013 | Inventory on Dec. 31, 2012

Horses and Mules Inventory on Nov. 1, 2006 | Inventory on Nov. 1, 2006

As describegbreviously,after population numbers are obtained, tieai@ing stepsre to
1) convert the livestock numbers to grain consuming animal units (GCAUS) in each county; 2)
aggregate the grain consuming animal units; and 3) multiply the GCAUs by the amount consumed
per GCAU. More specifically, in order to calcul&AUs of step 1, the animal populations are
multiplied by their respective GCAU factor shownTiable10. Next, to complete the second step,
the GCAUSs of all the different livestock groups are summed to estimate the total GQAdaslh
county. Third, the number of grain consuming animal units in each county is then multiplied by
2.087 Figurel2)d the number of tons of feed consumed per GCAU in 2012. This final calculation
yields the total grain consumeti in each county (in tons).

Results

The following subsections provide a series of maps to show the location and levels of grain
consumption, production, and their resulting difference. Categories displayed in all maps applied
t he Jenksd thedf a prdcedard automaticaflg calculated in the software which
minimizes the variance within groups and maximizes the variance between groups (Esri, 2015).

Grain Production
Virginiads gr ai n gmosiderycauntyamd theea indepamietiess e s
Chesapeake, Suffolk, and Virginia Beach. The state produced an estimated 2.1 million tons of

grainin 2012, from 69.7 thousand tons of bar@®i..6 thousand tons of corn, 680.4 thousand tons
of soybeans, and 444.1 thousand tons of whéBDA-NASS 2014. For purposes atomparing
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production against consumption, soybeans are converted to soybeail Aseahown inFigure

17, most of the grain in Virginia is grown and harvested in the Shenandoah Valley and eastern
counties. Individual crop distribution maps for barley, corn, soybean meal, and wheat are provided
in Appendix B. Large levels of all four crops are produced in the Eastern Shore (Northampton and
Accomack counties). These two counties produced a combined 2G@thbions or 10.0 percent

of the stateds total grain supply in 2012.

Figure 17: Map of Total Grain Production in Virginia by County, 2012

Virginia Grain
Total Production (Tons)
| ]17-10,953
[ 10,954 - 33,764
I 33,765- 63,007
I 63,008 - 126,419

Source: USDANASS, 2014.

Grain Consumption

Similar to grain production, feed requiremeiatre spread throughout the stétigure 18
displays the total grain consumptiby livestock and poultry n each of Virgini adc
tons) . Because most of Virginiabds pouwlatdry ope
withpoul tryds substanti al ¢a the feed graindlfe Shemaedoaht at e 0
Valley is naturally home to some of the largest amounts of grain consumption. Ffieetop
counties requiringhe most grain in 201idclude Rockinghan(724thousand tonshugusta (257
thousand tons), Page (243 thousand tons), and Shenandoah (147 thousand tons) of the Shenandoah
Valley region and Accomack (152 thousand tons) of the Eastern Shore (which also houses
significant broiler populations). Withoer 1. 5 mi I | i on tons of the s
of 2.4 million tons, these five counties acco
from 62.8 in 2007). For additional details underlying total grain consumption in each county, maps
depicting the individual distributions of the population of most livestock groups are included in
Appendix B.

39 As a linear transformation, the relative distribution remains the same.
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Figure 18: Map of Total Grain Consumption (by Livestock and Poultry) in Virginia by
County, 2012

Virginia Livestock

Total Consumption (Tons)
| ] 433-19,255

[ ]19,256-65,397

I 65,398 - 257,001
B 257.002 - 723,939

Source: USDANASS, 2014.

Grain Consumption and Production

In order to gain additional insight by examining grain surplus and deficit areas in Virginia,
grain consumption is subtracted from grain production. Results reveal that the state is primarily
divided eastvest, withwestern counties experiencing grain shortages and eastern counties having
excess grainHigure 19). These results are due to the aforementioned fact that eastern Virginia
grows large quantities of grain, especially relative tdivesstock needs. A notable exception is
Accomack County on the Eastern Shore, which, despite produ@mydst grain in Virginia with
126 thousand tons 2012 still requires an additional influx of grain. Home to a substantial amount
of Virgitmiya®pepauli ons, the counties in the Skt
grain shortages. The four counties of Rockingham, Page, Augusta, and Shenandoah have grain
shortages 0639 thousand tons?228 thousand tonsl 95 thousand tons, and)® thousan tons,
respectively. With a combined grain deficit o Inillion tons, these four counties account for
73.9 percent of Virginiaés total grain shorta
to those four, nine other counties had a graint&ibof at least ten thousand tons in 2012.
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Figure19> Map of Virginiads Grain Deficits and Su
by Livestock and Poultry) by County, 2012

Grain Deficit (Tons) Grain Surplus (Tons)

B 639,137 [ ]| 605-14,098

[ 639,136 - -109,465 [ 14,099 - 37,964

[ 1-109464--360 [ 37.965 - 74,191

Source: USDANASS, 2014.

Interestingly, & the more ggregated agricultural district level, Huffman and Kenyon
(1999) reached similar conclusions: the northern agricultural district (which includes Rockingham
and Shenandoah counties) experiences the greatest grain shortages while the eastern agricultural
district generates the highest grain surplu8ds.is important to recognize that the locational
snapshot of grain supply and demand in Virginia is limited by the omission of flows of grain from
one county to another, and it does not include grain destioedhe export market or
industry/human use. Consequently, codetyel deficits may be underestimated or overestimated.
Nevertheless, this analysis identifies the areas that are comparatively more constrained or,
conversely, welsupplied with grain for liestock and poultry production.

Conclusions andDiscussion

Virginia is a state with a rich diversity
agricultural producers raise poultry, cattle, hogs, sheep, and horses and, combined with their
relatedproducts, the sector generated over $2.1 billion in cash receipts in 2013 (VDACS, 2015).
Onthegrainsupptg i de, Virginiadbs i mportant crops i ncl
Naturally, these groups are connected since much of the grain is teghteeranimal feed and
serves as an important input in livestock production.

Generallyt he needs of Virginiabds |l ivestock sect
grain production (especially when grain exports and grain for human consumptionsate i)
thus, Virginia is a grain deficit state. Grain production is dominated by corn, soybeans, and wheat.

On the other side of the equation, grain consumption is mainly characterized by poultry
(specifically, broilers and turkeysMoreover, across thperiod of study, feed consumption in
Virginia is generally declining. This is due to 1) decreasing livestock populations (primarily
declining broilers, turkeys, hogs, and dairy cattle) and 2) incrdasedefficiency by livestock
producers in the U.S. @pehart, 2013). Combined with a slight positive trend in grain production,

40 Their deficit in the northern agricultural district may even be understated because Augusia tBewaunty with
the second highest grain shortage, is included in the |

40



the gap is narrowing and the shortages of grain production for livestock and poultry consumption
in Virginia are falling.

Declining grain consumption by the livestock and poulegtsrs and increasing grain
production at the stadevel may present opportunities for the grain export sector because there is
reduced competition for grain from livestock producers. In fact, evidence suggests that this is likely
the case as grain exp®rhave increased every year in Virginia since 2010. Increasing grain
production may encourage local sourcing, which would help maintain dollars in the Virginia
economy as opposed to being sent to other states for grain imports (Huffman and Kenyon, 1999).
Increasing local sourcing, however, would require an assessment of the impact and risk associated
with variable levels of grain supplies. In additi@eclining livestock and poultry populations in
Virginia is noteworthy b ewromistfOCE)prEdicts mcre@sing i c e
U.S. poultry and pork production through 2014 (USDEE, 2015). Coupling these observations

suggests that vital pieces of Virginiads agr.i
other states.

Atalocallev el , Virginiads grai n s hwesttdisidgensth and s
western counties generally needing more grain than they grow.t® substantial poultry
operations (the | argest share of totigihtheonsum
Shenandoah Valley. Grain production is signif

counties. An examination of grain consumption and production together reveals that grain
shortfalls are most notable in the Shenandoah Valley.

The analysis yields several other important implications, particularly with respect to
transportation. Broadly, as a grain deficit state, transportation is critical since grain must come into
the state to meet the residual needs of the livestock sectargaseof grain production. Much of
Virginiabds grain shor tsfate Igrhin suppliessshipppd by medroati e d b
(Caffarelli et al., 2013). More specifically, transportation is crucial to areas such as the Shenandoah
Valley (and other westarcounties) that rely on moving the grain they grow to storage to ensure
that the grain is ultimately available where and when it is needed. This is especially pertinent
because a limitation is still hypothesized to exist where the relative grain suiipltise®ast do
not move back west. Despite their geographic proximity, the Valley has generally found it more
economical to import grain by rail from the Midwest rather than grain hauled by truck from the
east (Huffman and Kenyon, 199%)While Accomack ©unty on the Eastern Shore is a grain
deficit county, it can meet its grain needs from its nearby surplus neighbor, Northampton county
(or grain from Maryl and) . I n contrast, Virgin
more grain than they kia and that additional grain is not available neaflsgnsportation must
be efficient and timely to move grain from farm, to storage, to demand areas. In the event of limited
transportation, a series of questions would need to be addressed concerniiiiganitiag,
location, and type(s) (e.g. rail, truck, etc.) of future transportation infrastructure. Private
enterprises, state and local governments, producer associations, industry boards, cooperatives, and
farmers should be actively involved and havela m these decisions.

Furthermore, the study presents the opportunity for geographically targeted agricultural
policy. For instance, Virginiabs counties in 1
the most severe grain shortages. Poufirgductio® Vi r gi ni ad s mo st signi
grou® is concentrated in the Shenandoah Valley. Importantly, the magnitude of the grain
shortfall leaves livestock and poultry producers in the area subject to forces not always in their

“Excess grain beyond the stateo6s |ivestock requirement s
feeding operations in North @dina.
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control. For one, aeficit of 1.2 million tons is equivalent to 46,164 large sémncks (lowa
Department of Transportation, 2014), which implies some of the shortage can only be reasonably
supplied by rail. This | eaves fArececesyandso su
infrastructure. Further, any area is affected by local supplies, but counties in the Valley are
particularly tied to outside supplies, including their availability and price. If outside supplies were
to become unavailable or more costly, thel&alwould be impacted (Piggott, Shumaker, and
Curtis, 2005). Finally, livestock and poultry producers in the Valley are dependent on grain storage
to ensure grain is available when needed; these producers are tied to the capacity, quality, and
location ofon- and offfarm grain storage. Thus, the amount, location, availability, and condition
of grain supplies, transportation, and storage are important to profitability of the industry.

This study suggests several areas for potential future researchniestigation is needed
to explore the reasons why Virginiads | ivesto
late 1990s and early 2000s to make a more complete assessment of the industry. Next, research
examining grain transportation, the flowisgrain in, out, and within Virginia, and the economic
factors behind those flows would increase the understanding of issues related to grain production
and consumption and offer information for policymakers (e.g. explore the incentives for Virginia
grainto move west). Moreover, the three areas of production, consumption, and transportation

must be integrated with data on Virginiabds gr
opportunities and constr ai n bised,thisinforimaionsvoult e 6 s
of fer insights into both the current function

and livestock sectors.
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Chapter 4. Describing Grain and
Soybean Prodiction and Storage in
Virginia: Results of a 2013 Farm Survey

Introduction

Agriculture is an important industry in Virginia, with an estimated yearly economic impact
of $52 billion (Rephann, 2013). The grain sector is a critical and necessary cotnpiovieginia
agriculture, providing inputs to the stateos
domestic and international markets. Virginiao:
generated $583 million in cash receipts iL2@QVDACS, 2015). Virginia produced neggcord
levels of barley, corn, soybeans, and wheat in 2013 and 2014, and is predicted to harvest 87.6
million bushels in 2015, the $ASSt20158est vyear
The current study presenthe results of a stateéide survey of Virginia grain producers
conducted in the summer of 2013. The objectives of the study are to describe and identify 1) on
farm storage capacity in Virginia; 2) storage constraints and issues; 3) possible economic
incentives to reduce these constraints; and 4)
producer s. Specifically, t he survemakirgxap!l or es
harvest, amount and quality of grain storage, economic incentivesiitjlatt encourage storage
building, and transportation characteristics. Overall, this information can be used to identify
constraints and opportunities in Virginiads g
for future research. Highlights ofdlstudy include:

T Virginiadés grain producers grow a number o
and wheat;

1 Thirty-one percent of the grain producers grow 1 or 2 crops, but most (44 percent) grow
three crops, typically corn, soybeans, and wheat;

1 Producers exhibit different behavior at harvest. Some growers bring it all to market
immediately, some store a portion in their own storage, while others chose to store a share
in rented commercial or efarm structures;

1 The average ofarm bin size is10,345bushels;
1 Onfarm grain storage in Virginia is relatively @ds5 percent of the structures are 21 or
more years old,;
1 Most farmers believe their bins will last another 11 to 20 years, if not longer;
1 A majority (62 percent) of grain producers deem theiragje situation (whether they have
it or not) to be acceptable;
“2Al t hough technically an oilseed, s 0y b e asimtar raleirthegr ouped

grain supply chain.
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1 Of the operations that are limited in their storage capacity, or who do not hd&aron
storage, 64 percent stated that they are adding or replacing storage in the near future;

1 For producerd h a't neither have
returns to stored graino

= =4 =

About the Survey

Il n 2013 a survey was

storage nor

may

conducted

nduce

A majority of producers (78 percent) indicate that they haul their own grain;
Most (48 percent) of the grain from the fagate is hauled 25 miles or less; and
Farmers typically wait over fifty minutes at buying stations before their grain is unloaded.

to col

pl an
t hem

| ect

storage, and tresportation practices. The target audience was Virginia farmers that produce and

sell cash grains. The survey was

conducted

Ag Expo. The original list contained 2,156 entries and includes membdre ¥irginia Grain
Producers Association as a subset. After general -cipgorocedures were performed, which
included eliminating duplicates and obvious fiarm entities, a mailing list of 1,765 names was
generated. It was assumed that the mailingctisitained more than just grain producers, so an
opening question filtered cash grain farmers from other farmers anthmers (AppendixC
provides a copy of the survey and participant recruitment letter). After furtherugbe@amoving
deceased farmersetired farmers, entries connected to the same operation, and undeliverable
surveys) the final list contained 1,291 nam&able 13). Deceased and retired farmers were
identified by a note on a returned lettesarvey. In addition, respondents either directly indicated

that they were part of the same operation or were presumed to be part of the same operation if their

last name, location, and company name matched a returned survey.

Table 13. Response Statistics of 2013 Farmer Survey

Total Number in List
Number of Deceased

Number of Farmers, Not Cash Grain
Elected Not to Respond
Connected to an Operation
Presumably Connected to an Operation
Undeliverable

Total

Completed Surveys

Response Rate

Number of NorFarmers (Retired, Not in Virginia, etc.’

ARel evant Listo (1765 | ¢

1765

32
224
107

16

8

69

18
474

347

1291

26.9%

Source: Caffarelli et al., 2015.
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The survey contained 26 questions that covered the afegrain production, storage,
transportation, and farm business characteristics (Appe@lixBriefly, the questionnaire
examined:

Farm location (represented by county and zip code of the farm operations);

Production information, including the total aage typically under grain production, the

types of crops grown, and the typical volume harvested,;

1 Decisionmaking at harvest, including if any crop is stored commercially, in owned on
farm storage, and/or rented-tarm storage;

{1 Storage, including the amaots stored, if any portion is retained forfanm use like feed,
and how long (in months) grain remains in storage until later sale;

1 Onfarm storage, including how many bins are owned as well as their capacity,
approximate age, and expected remaininqulisiée;

1 Constraints, including if and how operations were constrained by their current storage
situation (or lack of storage) as well as when these issues were most limiting

1 Future storage plans, including type (e.g., adding storage or replacing staragept
(e.g., number of bins and bushels), and wh

1 Economic incentives that were either important to the farms already storing or the factors
under which nosstorage owners would consider building; and

1 Transportationjncluding how grain is delivered to buying stations, the distance(s) the

grain is hauled, and wait times at buying stations

T
T

Procedures for implementing the survey followed the mephesicribed by Dillmaet al.
(2014, which involved the sending @i nitial mailing of a cover letter ana surveyform. A
reminderpostcard was mailed one week later, and a seconddetsurvey form was mailed two
weeks after the postcard. Seven weeks after the initial mailing, a thifthahkktterandsurvey
weremailed.

A total of 347 completed and usable surveys were returned, yielding a response rate of 27
percent Table13). As shown and explained later, a comparison of the total bushels harvested by
t he respondent stéd pfoductionsin \irginiatsuggestsetixaptlecquestionnaire
respondents reflects about 42 percent of Vir
Microsoft Excel spreadsheet. Additional clagm measures included taking a simple average if a
respor e nt provided a r anrgees poofn swealou ewsh,e nn ovtail nuge sfi ni
applicable questions, and converting production numbers to bushels if either acres or yield was
provided instead®

43When a respondent did not specify if they reported acres or yield by crop, unrealistically high yieldswaexlas

to be reported acres. Twenty respondents reported yiel
take into account timing (barley and wheat harvested in the summer; corn and soybeans harvested in the fall) and
possible doubleropgng. For farms growing corn and another crop (e.g., soybeans), the total reported acreage was
split equally. For farms growing corn and two other crops, the total reported acreage was split 60 percent to corn and
40 percent to each of the others (e.g.nceoybeans, and wheat; corn, soybeans, and barley). For the farms growing

corn and three other crops, the acreage was split 60 percent to corn, 40 percent to soybeans, 20 percent to wheat, and
20 percent to barley (as if wheat and barley were decroleped with soybeans). In the thirteen instances where acres

were reported by crop, yields were estimated using cdewg} yield from the2012 Census of Agriculturéor

Virginia. When yields were not disclosed for a crop in a particular crop, state ymdshHeCensusvere used (grain

sorghum = 63.8 bushels/acre; oats = 69.1 bushels/acre; rye = 36.8 bushels/acre).
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Results

General Characteristics of the Sample and @Grd&roducers in Virginia

Responses include surveys from grain growers operating in 60 different counties, including
the agriculturallyrelevant independent cities of Chesapeake, Suffolk, and Virginia B&gigure
20 shows thedp counties and, not surprisingly, the counties with the most respondents are also
Vi rgi ni ao6-prodocang counties. Ranked in decreasing order of total grain production,
Accomack, Sout hampton, Rockingham, eeam@12Hanove
(USDA-NASS, 2014), whicltorresponds directly to the number of surveys received.

Figure 20: Counties with the Highest Number of Surveys Received
0 5 10 15 20 25

Accomack |
Southampton I
Rockingham [

Hanover [
==
Northampton |

Surry I
Westmoreland ||| NG

WL 00 |

Source: Caffarelli et al., 2015.

Overall, the responses reflect 0B85 thousand acres under grain production in Virginia
(Table14). Small farms harvested grain in the tens of acres, while large farms had thousands of
acres under production. The average acreage per reportingviesrapproximately 1,031 acres,
which suggests that the survey responses reflect {drgeaverage grain operations as the
average oilseed and grain farm (NAICS 1111) in Virginia was 569 acres in 2012 (N8BS,

2014). In addition to growing row cropahout 29 percent of respondents (99 out of 347) indicate
that they have some form of livestock operations since they retain a portion of their grain for feed.
However, results from the survey show that respondents are largely grain producers since only 2
respondents retain 75 percent or more of their graifaon for feed.

4 Virginia has a total of 95 counties.
4 Total grain production is measured as the combined production of barley, corn, soybeans, and wheat.
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Table 14: Acreage Statistics

Farm Size (Acreage) Statistics
Reported Acreage 335,045acres
Largest Farm 8,000acres
Smallest Farm 15acres
Average Acreagper Reporting Farm 1,031acres

Source: Caffarelli et al., 2015.
" n=325, out of 347, 94%

Virginia farmers grow several different grains, with total production characterized by
barley, corn, sdyeans, and wheat (Caffarelliat, 2014). Many farmersrpduce more than one
grain as most grow two or three types, while some grow four or rrayer€21; datais provided
in Table 29, included in AppendiD). Most of the farmers (85 percemtjth three crops grow
corn, soybeans, and wheat.

Figure 21: Shares of Survey Respondents Growing dr More Crops’

58%12% 96

18.3% ‘ =1 crop
21.2% 2 crops
= 3 crops
m 4 crops
= 5 crops

m 6 or 7 crops

44.1%

Source: Caffarelli et al., 2015.
" n= 345, out of 347, 99%

Table 15 presents the nuiber and share of farmers growing each crop, and the average
number of bushels produced per farm. Most respondents reported that they grew soybeans (94
percent), followed by corn (83 percent) and wheat (75 percent). Corn is produced in the largest
amount oreach farm, followed by wheat and soybeans. Using the @@h8us of Agriculturéor
Virginia as a proxy of total production in the state, the data in the surveys reflect approximately
48 percent of Virginiads ¢ or ndugianaoadult gercemtrof, 3 3
the wheat productioff. In total, the surveys reflect about 42 percent of grain production in

%S nce the survey was sent out in the summer of 2013 a
production numbers offer a good basis of comparison.
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Virginia, which is higher than the 27 percent representation based on the survey response rate
alone. This is important because it sugjgethat the surveys are particularly reflective of the
characteristics of largghanaverage grain producers in the state.

Table 15: Crop Production Statistics of Samplé

Number of n Average Total Bushels
otal Bushels T Percentage
Crop Growers Reported Bushels per in Virginia Represented
(% of Sample?) Grower (2012

Barley 81 (23%) 1,164,162 14,372 2,905,047 40.1%
Corn 285(83%) 16,207,298 56,868 33,984,647 47.7%
Grain 25 (7%) 205,678 8,227 258,000 79.7%
Sorghum
Oats 17 (5%) 58,700 3,453 238,928 24.6%
Rye 19 (6%) 21,860 1,151 157,851 13.8%
Soybeang 324(94%) 7,575,570 23,381 22,680,879 33.4%
Triticale 3(1%) | Not Disclosed| Not Disclosed Not Disclosed Not Disclosed
Wheat 259(75%) 6,131,849 23,675 14,804,947 41.4%
Total 31,%7,217 90,919 75,061,784 41.8%

Source: Caffarelli et al., 2015.

&n = 345, out of 347, 99%
b Percentages do not add to 100 because farmers often grow more than one crop.

¢ Total production numbers per crop come from the 2012 Census of Agriculture &nid/ir
(USDA-NASS, 2014).

4 Not disclosed to protect individual information.

Analysis of the survey data reveals that respondents generally fall into one of four
categories regarding their behavior at harv€able16). Some grai producers sell everything at

harvest; they do notowndnar m st orage nor do they store an
group, AGroup 2,0 may sel/l some at hdarmv est |,
storage and using it by storingapod n of t heir output at harvest.

but they store at least a portion in either commercial structures or rentadrostorage. Finally,

AGroup 40 is similar to AGroup 20 in mceat th

remains that the storage is not used (likely due to the poor quality of the’biie$t of the
respondents fall into Group 2 and Group 1, with smaller proportions in Groups 3 Eatalell ().
Thus, in general, most grain jpiacers in Virginia either sell everything at harvest or store a portion
in the bins they own.

47 Some of the respondents in Group 4 store commercially.
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Table 16. Breakdown and Number of Respondents Fallingnto Each Group’

Group # | Count | Percentage Description of Group
Group 1 81 23.3% | No onfarm storage, sells everything at harvest
Group 2 | 234 67.4% | Owns onfarm storage, stores soraa-farm at harvest
Group 3 16 4.6% No onfarm storage, stores soroemmerciallyat harvest
Group 4 16 4.6% Owns onfarm storage, does not store-famm®*®

Total 347 100%

Source: Caffarelli et al., 2015.
"' n=347, out of 347, 100%

Characteristi cFaimdatoragéi r gi ni ads On

Grain storage has an important role in the grain supply chain, and provides for the efficient
and timely flow of grain from farmw final users. For grain growers, grain storage serves several
functions such as helping farmers capture higher prices later in the marketing year, offering
farmers flexibility on where and when grain is sold, and contributing to a more timely harvest
(Edwards andJohanns2015). For livestock growers and processors, storage helps ensure that
supply is available throughout the year, not just at harvest (Alexander and Kenkel, 2012). There
are two types of permanent storagefam and offfarm, as well as variety of temporary storage
options.

The National Agricultural Statistics Service (NASS) of the US Department of Agriculture
(USDA) collects data annually on the capacity of and offfarm grain storage. Total grain
storage capacity in the U.S. was@3illion bushels (bb@) 10.7 bbu offfarm and 13.1 bbu en
farm (USDANASS, 2015). Storage varies stibestate in terms of total capacity and composition
(i.e., share of offarm versus offiarm)® The states with the most permanent storage capacity in
2014 were lowa (3.4 bbu), lllinois (2.9 bbu), Minnesota (2.2 bbu), Nebraska (2.1 bbu), and Kansas
(1.4 bbu) (USDANASS, 2015). Out of forty states, Virginia ranked"3@th 90 million bushels
of storage capacity in 2014. Next, while the share ofasfth ard onfarm storage in the United
States was 45 percent and 55 percent, respectively in 2014, some states have greater (and smaller)
shares of offarm storage. For instance, over 73 percent of the storage in the states of Texas,
Oklahoma, Washington, and #sas was characterized as-faifm in 2014 (USDANASS,
2015)°° Conversely, states like Kentucky, New York, Pennsylvania, and Montana had 73 percent
or more of their storage efarm in 2014 (USDANASS, 2015§1 Virginia falls in the middle, with
on-farm stoage accounting for a 61 percent share of total storage in 2014 (BRES, 2015).

On and offfarm storage present different storing options to farmers. For instance, farmers
can invest in offarm storage or rent efarm storage space from other farmerslvAntages of
owning storage include guaranteed available storage space, convenient management of stored
grain, and low cost financing available from the Farm Service Agency (Edwardiohadns

48t is not known if this unused stage is rented to others; presumably it is left empty due to its poor quality.

49 Dhuyvetter (1999) admits that why these differences exist is not really clear, but suspects that a number of factors
are contributing, including transportation infrastructuiénate, livestock operations, intensity of production, and

type of crops stored.

50 The analysis excludes Arizona, California, Delaware, Florida, Louisiana, Maryland, New England, New Mexico,
South Carolina, Utah, and Wyoming whosefarm storage capacityumbers are not disclosed.
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2015). These benefits would have to be weighed against [godghdvantages such as the size

of the initial investment, the need to monitor grain throughout the storage period, and the difficulty
of disposing storage structures if no longer needed (Edwardsiarahns 2015). Different
commercial storage optionsrffarmers include investing in condominium storage at an elevator

or renting commercial storage space. Advantages of thegaroffoptions include the elevator
handles the grain and guarantees quality, the elevator can dry the grain, and no additional
transportation and handling is required if the elevator merchandises the grain (Edwards and
Johanns 2015). Nevertheless, storing grain commercially may present some of its own
disadvantages such as possible longer travel distances and wait times to taiload lgarvest,

and it may be uneconomical to market the grain to another buyer or processor (Edwards and
Johanns2015).

In the five-year Agricultural CensysNASS collects more specific information from
farmers aboutheir on-farm storagesuch as theauntylevel locationsamount, and number of
operators with ofiarm storageHowever, no other comprehensive information is readily available
that describes the state and quality offamm grain storage. In that vein, this survey sheds light
on a valuablgart of the grain supply chain and offers more details pertaining-taronstorage
in Virginia.

Overall, a majority of respondents (72 percent) report havidiguon storage? Of these,

244 08 percent) of the farmers indicated that they have a combi2é@ storage structures or
bins (Table30in AppendixD provides a numeric breakout of the bins). The number of bins per
farmer ranges from 1 to 22, though many have between 4 and 6 struéigues22). The average
number of bins per grower is about 4.9.

52 This calculation includes the 250 members of Groups 2 and 4, which own storage. Interestingly, the percentage

|l i kely comes close to its fApopul ationd perceauaflge i n V
$10, 000 or mor e, which corresponds t o -tlmaavedreageroe sfudrtmss
According to theCensus 1, 233 of Virginiabs crop producers (NAI CS
represents animal producers aagliaculture) had storage in 2012. Further, 1,771 farms were classified as NAICS
1111 (Aoil seed and grain farmingo) and in an fAeconomic
combined doll ar val ue of al@produassoibasd govarnnieet paymeats. iieassumeda g r i ¢
that farms with less than $10,000 in value are of too small a scale to invest in permanent storage.) Thus, it appears
that 70 percent (1,233/1,771) of nrdgerginiabds moderate t
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Figure 22 Number of Farmers with a Given Number of Bing
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Source: Caffarelli et al., 2015.
" n=244, out of 250, 98%

Furthermore, anothhemportant measure of grain storage is their total volume or capacity.
The received surveys accounted for over 11.6 million bushels of capacity, which is about 37
percent of Viamgtorage pogsssset loytcrap produdablél7).52 The average
capacity per bin is slightly over 10 thousand bushels.

Table 17: On-Farm Storage Size Characteristics

Capacity

Number of bins witlcapacityinformation 1,118
Number of bins with no response 84

Total number of bins 1,202
Total capacity reported (bushels) 11,565,644
Average capacity per bin (bushels) 10,345
2012 onfarm capacityn Virginia for crop producers (NAICS 111) 31,327,512
Percentagef Virginia onfarm storage capacitgflededby survey respondents 37%

Source: Caffarelli et al., 2015.
Next, the fAageodo and fAremaining useful |ife

quality and longevity of ofiarm storage in Virginia. Studies estimate that the useful life cdia gr

bin is betweerl5 and 30 year¥.Thus, onfarm storage in Virginia appears to be relatively old as
grain producers indicated that many (over 60 |
or more than 30 years olHigure23; Table31in AppendixD provides a numeric breakout). More

53 Virginia had 42,645,073 bushels of-tarm storage capacity in 2012, 31,327,512 bushels (73.5 percent) by crop
producers and 11,317,561 bushels (26.5 percent) by animal producers and aquaculturdlAEE)RK014).

54 According to Miller and Jose (29) and Edwards (2014), the useful life of a grain bin is 15 to 25 years. Dhuyvetter
et al. (2007) cite 30 years as the useful life.
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specifically, about 30 percent of the bins wel
were deemed fQgr elatwwevethanh®20e does appear to
10 percent of structures are described as il e
the average storage bin was 27 years ®odrd in |
ol der o and 50 percent fAl ess than -farthstgragains o ol
Kansas today or in other states is not known.

Figure23: Number (and Sh a-Faen)Stracfures\by Aggi ni ads On
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Source Caffarelli et al., 2015.
" Results do not include bins without a response.

Equally as important as age of-tarm storage is the remaining useful life. Most of the
respondents (77 percent) anticipate having at least 11 years of useful life remaitheg in
structures Kigure 24; Table 32 in Appendix D provides a numeric breakout). However,
respondents predict about 7 percent of their bins will reach the end of gfeirlids in less than
five years.
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Source: Caffarelli et al., 2015.
" Results do not include bins without a response.

Storage Constraints in Grain Opations

As described previously, grain producers fall into different groups depending on their
storing behavior and infrastructure on the farm. Naturally, farmers in each group face specific
issues and challenges. Thus, one of the goals of this sungetpwaentify the issues that impact
growers with storage as well as observe if farms are limited without grain stdiage.18
contains the number of respondents that report if their operations are constrained by their current
(or lack of any) storage situation. Overall, a majority of grain producers (62 pétéedi}ate
that their operations are not negatively affected by an aspect of their storage or by not having any.

Table 18 Number of Operationswith a Storage Limitation by Group

Grou Operations Operations No Total
b Not Constrained | Constrained | Response
1 (Sells everything) 48(59.3%) 20(24.7%) | 13(16.0%) | 81

2 (Owns and uses
onfarm storage)
3 (No onfarm storage,

134(57.3%) 99(42.3%) | 1(0.4%) | 234

0, 0, 0
stores commercially) 11 (68.8%) 3(18.8%) 2 (12.5%) 16
4 (Owns onfarm 0 0 0
storage, does not use 10 (62.5%) 5(31.3%) 1(6.3%) 16
Total 203(58.5%) 127(36.6%) | 17(4.9%) | 347

Source: Caffarelli et al., 2015.

This calculation (202/0h3%Q) aii meldodeopetrng i D023 @mmadn 127 7
excludeshe 17 norresponses.
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Of the groups that do not have stor§@eoups 1 and 3), 72 percent (59/82) of those grain
growers say their operations are not impacted by the lack of storage. Similarly, 58 percent
(134/233) of grain growers that own and usdam storage (Group 2) report not having an issue
with their stgage situation that limits operations. Importantly, these results suggest that, in general,
most grain farmers are satisfied with their current storage infrastructure setups; however-some on
farm storage issues are revealed.

For those respondents thatrstonfarm (Group 2) and indicated that their operations were
somehow constrained by their storage, a majority (73 percent) indicated that they have (at least) a
At ot al c a pableli9tFurtherisame of ¢hosé farmerate that they remain unable to
store multiple crops. Many of these farmers grow more types of crops than they have bins. Several
respondents also cited M@nAothero reasons expl s
operations suc ho afisa giiedor yoifn gf acranpearc,i tiyd,r yi ng equi
Al ocation of storage. o0

Table 19: Storage Issues Faced by Constrained Operations

Issue Number
Total capacity 72(72.7%)
Ability to store multiple crops 47 (47.5%)
Age of some existing structures 34(34.3%)
Quality of some existing structure 19(19.2%)
Other 17 (17.2%)

Source: Caffarelli et al., 2015.
“'n =99, out of 99, 100%

Plans to Alleviate Storage Constraints

Though most grain producers in Virginia dot appear to be hindered by their current
storage situation (all groups), a portion (38 percent; 127/330) of operations are impacted in some
way by their storage. Taking these situations
are explored, péicularly concerning any proposals to expand storage in the future and relieve the
storage constraints. For instance, 64 percent (81/127) of the farmers who reported that their
operations were constrained plan to add or replace capacity (or both) unuttee{fable 20).
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Table200Fut ure Storage Plans of AConstr ai
Plans to Modify | No Plans to Modify
Grou On-Farm Storage | On-Farm Storage Total
P (Add or Replace (Add or Replace
Capacity) Capacity)

1 (Sells everything) 8 (40.0%) 12 (60.0%) 20
2 (Owns and uses 0 0
onfarm storage) 68 (68.7%) 31(31.3%) 99
3 (No onfarm storage, 3(100.0%) 0(0.0%) 3
stores commercially) ' '
4 (Owns onfarm 0 0
storage, does not use) 2(40.0%) 3(60.0%) S
Total (%) 81(63.8%) 46 (36.2%) 127

Source: Caffarelli et al., 2015.

Conversely,Table21 contains survey response data regarding the future plans of farmers

ned?o

whose operations are not constrained byfawm storage. This explores if farmease adding
structures for some other reason than a stdragetion with their operation (since they do not

reporting

havi

ng

one) .

The

not use orfarm storage (Groups 1, 3, and 4) ares$iail with the state of their operation; 100
percent of these respondents are not planning to build any storage in the future. On the other hand,

a small portion (30 percent or 40/133, excluding the onernens p o n s eQ o rnosft rfian onne d
growers with offarm storage are planning to add or replace capacity in the future. This suggests

a different motivation for increasing storage other than trying to relieve a storage constraint. As a
note, this 30 percent share is in contrast to 69 percent (68/99) ofestorsgjrained operations
who are planning to change their storage situation.

Table2l: Fut ur e

Storag€oREanai noeEddN@Operations

Plans to Modify | No Plans to Modify
Grou On-Farm Storage | On-Farm Storage No Total
P (Add or Replace (Add or Replace Response
Capacity) Capacity)

1 (Sells everything) 0 (0.0%) 48(100.0%) 0 (0.0%) 48
2 (Owns and uses 0 0 0
onfarm storage) 40(29.9%) 93(69.4%) 1 (0.7%) 134
3 (No onfarm storage, 0 0 0
stores commercially) 0 (0.0%) 11 (100.0%) 0 (0.0%) 11
4 (Owns onfarm 0 0 0
storage, does not use) 0 (0.0%) 10(100.0%) 0 (0.0%) 10
Total 40 (19.7%) 162(79.8%) 1 (0.5%) 203

Source: Caffarelli et al., 2015.
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Economic Incentives to Encourage Storage Building

Given that not all grain producers in Virginia haterage or plan to build any, the survey
attempted to identify possible conditions (if any) that would incentivize individuals (from Groups
1 and 3) to build storage. Examples of differ
grains.,eda iirvmarigass i meso at el evators, more fAgo\
end, 63 percent (71 respondents) acknowledge that there are factors that would cause them to
consider building storag€ For the 71 respondents that stated that they would btdgrage under
different conditions, many of them (78 percent) reported that, in order to do so, returns to stored
grain would have to be highefgble22). This implies that higher prices are needed later in the
year relativetqpor i ces i mmedi ately after harvest. The
incentivestobuildofi ar m st orageodo (49 percent) and fAincr e
(47 percent).

Table 22 Conditions under Which Virgi ni a6 s Gr a(WihoufFStaraged YWeuld
Consider Building Storage

Condition Number Number
Higher returns to stored grain 35(77.8%) 10(22.2%)
Increased production levels and/g

acreage 21 (46.7%) 24 (53.3%)
Longer wait times at buying

facilities (e.g., grain elevators) 20 (44.4%) 25 (55.6%)
Information on storage builders ar,

designs 3 (6.7%) 42 (93.3%)
Government incentives to build -or

farm storage 22 (48.9%) 23(51.1%)
Access to infrastructure (e.g., thre

phase electrical power,ads) 4 (8.9%) 41 (91.1%)
Access to financing 9 (20.0%) 36 (80.0%)
Access to information on grain

storing and drying practices 7 (15.6%) 38(84.4%)

Source: Caffarelli et al., 2015.

Characteristics of Grain Transportation in Virginia

Grain production ad storage are two facets of a complex, interconnected, supply chain.
One of the links between growers and buyers is transportation. After harvest, grain moves to
market or storage by a variety of methods such as truck, railroad, barge, and oceanasssah{C
et al., 2010). These modes have different advantages under different conditions. For example,
trucks offer the most flexibility and timeliness for shipments, but they are also the most expensive
per mile (Meyer, 2004). Trucks typically have the aubage for distances under 250 miles
(Frittelli, 2005). Rail delivery is generally more cost effective to move grain over longer distances,

56 The 71 respondents come from Groups 1ahd®2 fr om t he fconstrainedo operati
Anemnstrainedod operations not adding storage.
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when available (Frittelli, 2005). Given their substantial carrying capacities, barge tows are even
more cost effectie than railroads over long distances, but routes are limited to waterways, which
are subject to seasonal and weather effects (Meyer, 2004).

Importantly, these modes compete and complement each other, with a bushel of grain often
using more than one modefbre reaching its final destination (Sparger and Marathon, 2015).
Agriculture depends on transportation; a competitive and efficient system results in lower shipping
costs, smaller marketing margins for middlemen, and more competitive export prices, which
ultimately results in lower food costs for U.S. consumers and higher market prices for U.S.
producers (Sparger and Marathon, 2015).

While more investigation is needed to make an assessment of transportation infrastructure,
capacity, the survey capturedeav different attributes of grain transportation in Virginia, such as
hauling methods by farmers, traveling distances out of the farm gate, and typical wait times for
grain producers at buying stations. These initial movements typically occur by truck&Gas
2010), which moved 64 percent of the grain tonnage in the United States in 2013 (Sparger and
Marathon, 2015)Seventyeight percent of respondents report that they haul their own grain to a
buying station, 40 percent say they hire out the delivittyair grain, and 9 percent specify another
method of grain delivery (such as the buyer picking®gp).n addi t i on, 10 perce
grain farmers indicate that they haul grain other than their own.

In terms of distance to first buyefs.g., eleators), most of Virginiaods
reportedn the survey is transported over relatively short distances as 48 percent is moved 25 miles
or less Table23). This data represents the first trip for the gra product that makes multiple
movements along the supply chain (Casavant, 2010). It is interesting to note that some producers
have to ship different crops different distances. For example, a farmer may have a buying station
or elevator for corn closehan one for soybeans.

Table 23. Volume of Bushels Transported Various DistanceBom Farm in Virginia

Distances Bushels | Percentage
1- 25 miles 14,075,282 48.3%
26 - 50 miles 5,889,872 20.2%
51- 75 miles 3,520,158 12.1%
76- 99 miles 2,047,369 7.0%
100 or more miles| 3,629,821 12.4%
Total 29,162,502 100%

Source: Caffarelli et al., 2015.

Finally, many grain producers in Virginia typically wait thirty minutes or less at buying
stations before their grain is unloadédg(re 25), with an averagvait time of 53 minutes. On
average, growers report that they would be willing to wait no more than 93 minutes before
switching to another buying facility; however, mangy nothave the option to do $8.

57 The total adds up to more than 100 percent because many farmers useamorestmethod to haul their grain.

While the survey did not explore this directly, some |
maximum time willing to wait before switching to another buying station. This suggests that the ecomstsiaf

switching are too high. For instance, they may not have another buyer within a reasonable driving distance to justify
switching.
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Figure 25: Number of Respondents by Wait Timé
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many of Virginiads
a little over a thousand acres used to produce feed grains and oilseeds, including barley, corn, grain
sorghum, oats, rye, soybeans, triticale, and wheat. 8@lgif Virginia farmers largely grow corn,
soybeans, and wheat, and many farms grow all three. Virginia grain producers differ in how they
market their grain and oilseeds; some sell all their crop immediately at harvest, while others store
for later sales
Storage has a functional role in the merchandising of grain, allowing farmers to benefit by
moving saledveyond harvest gluts to capture potentially higher prices later in the year (Edwards
andJohanns, 2015F Grain producers have several availableae alternatives such as storing
in their own structures or renting space at a commercial elevator. AlImostqtiagers of
Vi rgi ni a-Goslargestzdd graim farms (as measured by a market vafiube products
greater than $10,000) own storagespandents with storage in Virginia each have about five bins,
with a bin holding on average 10,000 bushels. Virginia respondents describe their grain storage as
th a majority
immediate concern as 77 percent of the bins are reported to have at least a useful life of 11 or more

of

structures

r21

yea

Whether they have grain storage or not, a majority of grain producers in Virginia are
satisfied with the state of their operations. Farmersrépairt some issue with storage (including
those that do not have storage), a majority are planning to do something about it by adding or

®According

to

E d wa r @rain paicesitend to e aigher fater(inzh@ hdrKeting yBar than asharve
Storing grain can helfgrowers]capture thecarrydin the markeb
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replacing storage. Farmers that do not have storage and are not planning to build new storage,
report that returns tstored grains need to be higher to consider building storage.
More than threguarters oVi r gi ni adés grain growers repor
grain while fewer farmers reported using other methods such as hiring out delivery of their grain
or leting the buyer pick it up. On average, producers wait a little over 50 minutes to have their
grain unloaded at buying stations, though many wait thirty minutes or less. At least for the first leg
of the grainds journey, pnvaas Haulea 5 ntildserlegsr ai n (r o
Results of this study indicate that the current system is working well, at least in aggregate.
For instance, 62 percent of grain producers indicate that their operations are not hindered by their
grain storage system, inclng those that do not have storage. Sixiyr percent of operations
that report a storage constraint indicate that they are planning to address it by adding or replacing
storage. In addition, much of Virginia grain leaving the farm is hauled over réjashert
distances and many farmers face relatively short waiting times at elevators. However, the typical
observations do not highlight the issues faced by some Virginia grain producers, with 36 percent
of Virginiads oper at o nofstorage igssues {eighrpt enoagh sapacity,i n s
unable to store multiple crops, aging structures, etc.). In addition, some grain requires a great deal
of time to move into the supply chain as approximately 20 percent of Virginia grain transported
from the farm to its first stop in the supply chain is hauled more than 76 miles, and 17 percent of
respondents wait more than an hour at a buying station. Moreover, as Virginia continues to produce
historically highw | umes of gr ai n and onddarnh toeagedrdrastruttiree st a
will have to be addressed. Private enterprises, state and local governments, producer associations,
industry boards, cooperatives, and farmers should be actively involved and have a role in decisions
regarding the financingnal location of future storagend buying stations that improve grain
movement thus reducing farlavel constraints and wait times
This study suggests several areas for potential future research. First, an econometric analysis can
be conducted to exploré statistically different relationships exist. For example, the connection
bet ween age of storage and reporting that the
specifically, one may observe that the operations that grow multiple crops argkelgr® report
aninability to store allcrops In addition, one could examine if a relationship exists between size
of farm and whether they own storage or Rotrither, this study presented results at the-$atd,

but future research can explorgreonal di fferences based on coun
Val |l ey o v er dinadly, this rdsearch tae lve)integrated with other grain production,
storage, consumption, transportation, and price data to understand the nature of and egportunit
and constraints in the statebés grain supply <c
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Chapter 5: Conclusion

Characterized by a variety of products, agt

overall economy. Along with other states in the Southeast, Virginia agriculture is mainly known
for its livestock production, primarily poultry and smaller amowftgattle and hogs. Grains,
including corn, wheat, and barley as well as
With generally increasing grain production and declining livestock population numbers, the grain
deficit in Virginia has been atreasing. However, a regional analysis shows that substantial
geographidifferences exist, with the Shenandoah Valley experiencing the greatest shortages. As
a result, transportation and storage are critwahove grain where and when it is neededoré

level, trucking is important to haul grain from local produeamgas to storage and local feed
operations (most production out of the farm gate travels 25 miles or less). Areas like the
Shenandoah Valley that require significantly more grain (espedraltimes of drought) are
dependent on outside grain supplies and an efficient aneifestive railroad network.

Like transportation, grain storage contributes to the timely flow of grain from producers to
end users. The majority of storage in Vimgi is onrfarm. While grain consumption in Virginia is
mostly decreasing, grain production has generally gone up, which puts pressure on an already
aging infrastructure. Many farmers report that their operations are not presently limited by an issue
with their storage or the fact that they do not have any. If production continues to expand and
returns to storing grain are higher, Virginia may see subsequent growtfiimoatorage. Though
many farmers appear to be satisfied, some farmers face longmestand travel lengthy distances
to bring their product to market.

Naturally, there are issues and topics not covered in these papers that merit future
investigation. Specifically, a deeper examination of the transportation infrastructure such as
location (to measure availability in different areas), type (rail, truck), and quality would yield
useful information on another critical link among production, consumption, and storage. In
addition, a comparison of consumption against storage could reveal agldibastraints as higher
levels of storage in highonsumption areas may reduce pressure on the transportation system.
Finally, a study of prices (of grain and transportation), particularly including a lo€ation
component, would further an understandingy@in flows in Virginia. Those efforts, combined
with the aforementioned observations would shed light on valuable components of agriculture in
Virginia.
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Appendix A: Additional State-Level
Methodology and Results

Appendix A describes the statvel procedures in more detail apdesents selectegtaphs of
Virginiads | i (wadersptukdys, layens, pulletst hogsairyscows beef cattle on
feed, and sheéplt also providegraphs that depict trends in the shares of total grain ogutgan

in Virginia by different livestock groups as well lagaloutsof the shares among the poultry and
cattle groups.

Additional Methodology

Grain Consumption: Cattle Population (Dairy Cows, Dairy Heifers,
Beef Cattle on Feed, Other Beef Cattle)

Cat e data wer e o0b Catle,nFena Estimatessnd BbAUargCattle
publications, which provide annual January 1 inventories for four major cattle types: dairy cows,
dairy heifers, beef cattle on feed, and other beef cattle. These cattle invemidogrs are used by
the ERS as a proxy for the number fed during the ye&rattie,®° dairy cow inventory for Virginia
includes #AMi |l k cows that have calvedod (of the
inventory is reprpbaeoemdntby fiMomkt cewihiHei f er s
grouping. On the other hand, beef cattle on f
Cattle on Feedo table. Finally, other beef <cal
threeattl e categories fr om t hSencefihdde invemtanytvariabéees a n d
reflect a single point in time, they do not need to be converted to a Sept&uthest marketing
year.Importantly, hventory on January 1, 2013, for example, gpoads tdhe 2012-yearin the
analysis.

Grain Consumption: Poultry Population (Broilers, Turkeys, Layers,
and Pullets)

Estimates of grain consumption by poultry are based on four major groups: broilers,
turkeys, | ay er s Poultayd Rfodyttianl ahdeMalse(an avAu& Suinmarygnd
Poultryd Production and Value, Final Estimatpablications are the data sources for broilers and
turkeysand represernthe number of animals fed during the ye@incethe broiler population
comes from the number proced from December 1 to November 30, a conversion is needed to
adjust to a Septembé&ugust marketing year. This is achieved by combining 25 percent of the
prior year6s production and 7Capepad,Altee andBoad, t he
2013. The turkey population, however, represents the number of head raised from September 1 to
August 31, and no data transformation is needed.

N A S Laicken and Eggs, Annual Summanyd Chicken and Eggs, Final Estimates
publicationscontain data on thevarage number ofayers on hand in Virginia every month

50 The Final Estimatesontain similar names for column and tables in which to locate data. This is the case for other
animals as well.
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(AAverage Number of Al Lagteatse so na rHd nUWin iDtued n$
Following proceduresetby theERS (Capehart et al. 2013)he layer population fed during the
year is calclated by averaging the September through August months (e.g. September 2010 to
August 2011 for the 2011 marketing yer).

Data for pull ets c €hicken &nd BgysThe BRSS@culatonrfar h | y
pullets is onehalf the egetype chick hatch pluthe pullets placed in the broiler supply flocks for
the SeptembefAugust marketing yearQapehart, Allen, and Bond, 2013'he eggtype chick
hat ch ¢ omes-Type ©hioks Hdicked byBVigrdhUni t ed St at es o t abl e
placed in the broiles uppl 'y fl ocks comes from ¢tTymPdldtnt end ¢
Chicks for Hatchery Suppl ySirded thisonkysalcllayes yd@ynt h an
totals of pulletdor the entireUnited States, the AM&kesan additional step to caltate shares
of pullets at the statievel. For instance,a calculate the number of pullets in Virginia, total U.S.
pullets are multiplied by Virginiads percent .
populationsPr at er and). O6Nei |l , 2013

Grain Consumption: Hogs Population

Information on hog populatios foundn NASSO6 De c eQoarterly Hogsasidi e o f
Pigs andHogs and Pigs, Final Estimatdhe ERS estimates the number of hogs fed annually

through a variable titled the pig crop, whichisifod i n t he AAnnual Sows F
Litter,and PigCrop St at es and United Stateso section. Si
ERS combines quarters to create two (grteaps: t
Af al | p i @to Mowvemnpeo). Thelamputation for pigs requiring fise2D percent of the

prior yeards spring pig crop, 100 percent of

current y e ar 0(€apehartr AllengandpBornd, 201L3-orpexample, dr the 2011

marketing year, the total number of hogs fed is equal to 20 percent of the 2010 spring pig crop,
100 percent of the 2010 fall pig crop, and 80 percent of the 2011 spring pig crop. For Virginia, the

pig crop is only disclosed for the entire y@aecember to November) so it is assumed that half of

the yearly pig crop is ®springodo and the other

Grain Consumption: Sheep (and Lambs) Population

NASS presents sheep data inStseep and Goa@ndSheep and Goats, Final Estimates
repats. Similar to cattle, the ERS uses the January 1 inventory to approximate the sheep population
that was fed during the ye@Capehart, Allen, and Bond, 2013 Dat a come from t h:¢
and Lambs o0 Shedpand&Goapublicatiom(e®heep andlamb Inventory by Clags
States and Unite®t at e s d\s witl dattleinventory on January 1, 2013, for example,

61 Due to data availability limitations, the calation for years 1992 to 1994 is somewhat different. Prior to 1994,

NASS collected average monthly layer data on 20 states; of which, Virginia was not included. For 1992 and 1993, the
variabl e fiaver age hayenbaadEgpProductamgrer sadl (Awe rtahgee AiINumber of
of the 198993 Final Estimateywas used. Layers were then calculated by repetta§RSprocedure for broilers

taking 25 percent of the previous year with 75 percent of the currentl@®ar.is a combination dhe two with 25

percent of the 1993 average layer inventory and 75 percent of théD&@@#nber to August months.

52Priorto 1993NASS col |l ect ed d at everpgoart&rlihesendditidnaidata poipts vgere cisedt

make the estimate fdr992 more accurate
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corresponds to 2012 in the analysiss important to note that the ERS does not include goats in
their grain consumption calculations.

Grain Consumption: Horses Population

Since NASS does not collect yearly numbers on horses, the AMS does not estimate horse
population and its contribution to feed demandhet statd e v e | . However, Vir
industry had a total sales impact of.&Dbillion in 2010 Rephann2011). Thus, horses are a
relevant part of the stateds agriculture and
terms of potential data sources, NASS gathers information on the inventory of horses (and mules)
in the Census of Agriculture, which gives data points exist for 1997, 2002, 20072012
However, these inventories are only the number of horses on fama$, likely underestimates
Virginiads t ot%On the othes lmandpNMABSI didaconduxfod-scale equine
survey in 1998 and 1999, and the NASS Virginia Field Office conducted their own surveys in
2001 and 2006. Data from these reports are used in the current study. For the years without data,
the horse population in Virginia is approximat®dusing the 1998 value for 1997 period; the
average of the 1999 and 2001 values for 2000; the average of the 2001 and 2006 values for 2002
05 period and the 2006 value for 204 period.

53 For example, the 2007 Census estimated that Virginia had 97,112 horses and mules (on farms), while the 2006
report from the NASS Virginia Field Office estimated that the entire state of Virginia had 215,000 horses and mules.
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Additional Results
Graphs of Popul at i &adm VifgiNia mb e r

Figure 26: Population of Broilers in Virginia, 1992-2014
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Figure 27: Populations of Turkeys, Layers, and Pullets in Virginia, 1992014
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Figure 28: Population of Hogs in Virginia, 19922014

900

800

700 \

600

N Ja
B S e S

Population (Thousands)

w
o
o

200

100
R SO

L N N T B AN\ P\ G

Year

=4—Hogs (Pig Crop) =i*=Hogs (Inventory)

SourcelUSDA-NASS, 2015 aut horsé cal cul ati ons.

72



Figure 29: Populations of Dairy Cows and Beef Cattle oifreed in Virginia, 19922014
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Figure 30: Population of Sheep in Virginia, 19922014
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Graphsof Consumption Shares

Figure 31. Shares of Total Grain Consimption in Virginia by Poultry, Cattle, Hogs, and
Other, 19922014
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Figure 32 Recent Shareswithin Poultry Grain Consumption in Virginia,

2000-2014 Average

29_8% ‘.-'l-'l-'l-'l-'l-'

.,
.,
.,
.,
.,
.,
.,
.,
.,
.,
.,
.,
.,
N

N

"

Layers Sharg7.3%

g

‘-.--'.--.--.--.--.--.--.--.:.:-.'.'

Pullets Shares.7%

Broilers Share
57.2%

NN T T T T T LT LT T LT

'-:_'-I

SourcelUSDA-NASS, 205;

authorsodé cal cul ati ons.

76




Figure 33: Recent Shareswithin Cattle Grain Consumption in Virginia,
20092014 Average
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Appendix B: Additional County-Level
Methodology and Results

Appendix B describes theountylevel procedures in more detail amitludes additional maps
showing the distribution of Virginiabs | ivest
beef cattle on feed, sheep, and horses) and grain produletdey( corn, soybean meal, and

wheat). All maps display data from 2012 except for horses, where the most recent information is
from 2006.

Additional Methodology

Grain Consumption: Cattle Population (Dairy Cows, Beef Cattle on
Feed, Other Beef Cattle)

Countylev el data for cattl e colmev dmtoar yt haen di CRa It
of the Census, which provides the cattle inventories in Virginia as of December 32, 20
Inventories of dairy cows and beef cattle on feed are availab®t her b seadmallyat t | e o
calculated by subtracting dairy cattle, dairy heifers, and beef cattle on feed from the variable
representing al/l of Vithe §ensus doésnot cobett inforenationtbo we v e
dairyheifers t hose cattl @ dcarceamarotr yof the fAothe

Table 24 shows a summary of the cattle information available at the- statecounty
levels, and the degree to which Census variables match the expected population (magnitude
accuracy) and the amount disclosed information (distribution accurac§jinceinventory is a
variable collected in both the Census and on an annual basis, the estimatedes@lirgsain
consumption by cattle should be accuratefi magni t ude ac c.Moraovey,the i s no
distribution should be relatively accurate becauseh of the data is disclosed.

64 Since theGCAU f actor is | ower for Aot her beef cattleodo t h:
underestimated.
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Table 24: Comparison of Annual and Census Data for Cattle

Dairy Cattle | Beef Cattle, On Feed| All Cattle

State-Level Variable:

Type Inventory Inventory Inventory

Time Frame/Date Jan.l, 2013 Janl, 213 Jan.l, 213

Amount 94,000 23,000 1,610,000
County-Level Variable:

Type Inventory Inventory Inventory

Time Frame/Date | Dec.31, 2012 Dec.31, 2A.2 Dec.31, 2012

Amount 94,105 20,010 1,631,882
Percentage Difference 0.1% -13.0% -1.4%
Amount Disclosed 89,068 14,195 1,631,882
Amount Non-Disclosed 5,037 5,815 0
Percent Disclosed 94.6% 70.9% 100.0%
Percent NonDisclosed 5.4% 29.1% 0.0%

Not e: ot her cattl eo is,sherdbmotimobuded.f r om t hese t h

Source: 2012 Census of Agriculture for Virginia (USDIASS, 2014.

Grain ConsumptionPoultry Population (Broilers, Turkeys, Layers,

and Pullets)
Broilers, turkeys, |l ayer s, and pull mts mak
Appendix A the ERS annual population estimations use production (in head) for broilers and
turkeys; average monthly inventory for layers; and a laegtierivation for pullets. Though
NASS collects these variables on a yearly basis, it does not gaghseame data in the Census.
Instead, three variables for (all) livestock are gathered: 1) number in inventory (on December 31
in the Census yegr2) number produced under a production contrathenCensus yeaand 3)
number moved or sold by the opiéoa inthe Census yea&r

Given therelatively quick cyclein broiler and turkey production éAn State Extension
2015,%¢ the number moved or sold is likely to better proxy for expected broiler and turkey
populations. Thereforeghis measure is assumedh® a more accurate reflection at the county
level than inventory. Next, since the annual layer population is derived from inventory data, the
inventory variable for layers in the Census is a satisfactory proxy to examine the population at the
countylevel. Finally, inventory was selected ¢onservativelyepresent the number of pullets at
the countylevel 8’

Table 25 contains a summary of the poultry informationthe annual calculations and
Censuswhich reflectsany bias due tadhe magnitude and distributional accuracy issues. In terms

8 More specifically, inventory generally refers to the numbehcmnd. A fAproduction contract
between a producer or gver and a contractor (integrator) setting terms, conditions, and fees to be paid by the
contractor to the operation for the production of crop:
and total moved. Total moved/sold refersiie humber sold or moved from the operation (which may result in one
being sold twice).

56 For example, a broiler can reach its market weigfivenweeks (Penn State Extension 2015).

57 The number of pullets in inventory includes those in inventory on ptimiucontracts and is a more conservative
variable than those fimoved or sol do where several
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of the former, three of the selected Census variables (broilers, turkeys, and layers) strongly

resemble their annual counterparts, which imply that they are good approximationsxpebied

populationgthough turkeys appear to be overestimatelwvever, with a percentage difference

of 85.3 percent, the number of pulleseems d be substantially underestimated. Even so, as

previously mentioned, the number of available variabldsnised in the Census and inventory

still servesas areasonableandadquat e proxy of Virginiadbds pulle
In terms of distributional accuracy across countig@sge shares of broilers and turkeys

moved/sold are disclosed, but portiafishelayer and pullet populatiorssenon-disclosed, which

impacts exactness of the distribution. However, thiesdayer and pullgboultry groups account

for a small share of grain consumptiaative o broilers and turkeysséeFigure 32) and, asa

result do not present a significant issue. In terms of location, the four selected variables accurately

portray Virginiabs p dheitgtain gonspngption &t e couslval. and, h

Table 25: Comparison of Annual and Census Data for Poultry

Broilers Turkeys Layers Pullets

State-Level Variable:

Type Production | Production Inventory Calculation

(head) (head)

Time Frame/Date 2012 2012 Monthly, 2012 2012

Amount 242,450,000 17,000,000 2,883,560 8,862,281
County-Level Variable:

Type Sold/Moved | Sold/Moved Inventory Inventory

Time Frame/Date 2012 2012 Dec. 31, 2012| Dec. 31, 2012

Amount 237,669,378| 18,223,608 2,897,238 1,301,917
Percentage Difference -2.0% 7.2% 0.5% -85.3%
Amount Disclosed 231,854,347| 17,877,630 1,630,571 961,103
Amount Non-Disclosed 5,815,031 345,978 1,266,667 340,814
Percent Disclosed 97.6% 98.1% 56.3% 73.8%
Percent NonDisclosed 2.4% 1.9% 43.7% 26.2%

Source: 2012 Census of Agriculture for Virginia (USDIASS, 2014).
Grain Consumption: Hogs Population

Applied in theannual calculations, thecBnomic Research Servibes es t he HApi g ¢
estimate the number of feeding hogs and their overall grain consumption. HoNASS,does
not collectinformatm  on t he fipig cropo in theto€tmeus . [
Virginiads pig plewlul ati on at the county

Providing insight with respect to the issues of magnitude and distribution accliaiadsy,
26 contains a summary of the hog informatinithe Census and annual calculatidfisst, though
inventoryoverestimates the expected hog populatio2®percent, it isarguablythe best variable
available in the Censi¥8.Second, since34 percent of tk hog population is nedisclosed, the
distributional accuracy of the estimatesmpacted Thus, in order to distribute the ndisclosed
inventory and increase accuracy, an additional data source for hog inventory in Virginia is used.

58 Those under a production contract are included in inventory and the number moved ok 5687658 exceed the
expected populain by 193.9 percent. Thisuggests that some are moved or sold more than once during the year.
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NASSand theNASSVirginia Field Officehave hognventory data at the agricultural district level
from 1988 through 200&eeVirginia NASS Field Office 2015b)Virginia has seven agricultural
districts so, while not as preciseamsinties irthe Census, the data providena information than
just at the statéevel. Thebasicidearequiresweighing the nondisclosed countieaccording to
their agricultural district as sonakstricts have larger amounts of hogs than others.

More specifically, the steps includ¢ calculabtt he per centage of Virgi
agricultural district level from the 200/irginia Field Office reportthe latest one availab{éis
consists of di viding each districtds invento
calculaetheper cent age of Virginiads hogs in each ag
Census values (which will naturally be smaller due to-disnlosedcountie$; 3) obtain the
difference betweeh he fexpect edo di stri ct pepcentagémedch ge an
district) to determine how much more is needed to have the percentages be equivalent; 4)
determine how much of the nalisclosed hog information needs to go into each district to match
percentages described in & and Y divide the required amount per district equally across-non
disclosed counties in that distri@verall, this procedurganslats into increased accuracy at the
countylevel since amounts are no longer spreqdallyacross nosdisclosed counties.

Table 26: Comparison of Annual and Census Data for Pigs

Pigs

State-Level Variable:

Type Pig Crop

Time Frame/Date 2012

Amount 190,400
County-Level Variable:

Type Inventory

Time Frame/Date | Dec. 31, 222

Amount 239899
Percentage Difference 26.0%
Amount Disclosed 87,799
Amount Non-Disclosed 152,100
Percent Disclosed 36.6%
Percent NonDisclosed 63.4%

Source: 2012 Census of Agriculture for Virginia (USINASS, 2014).

Grain Consumption: Sheep (and Lambs) Population

Akin to cattle,NASS collecs inventory data for sheep in the Census, which matches the
variable used in theannualcalculations.Specifically, countylevel sheep data come from the
ASheep ahnldventosynVosl Production, and Nbomer Sol do tabl e, whi ¢
inventory ofsheep and lambs on December 311,20 able27 contains a summary of the sheep
information and indicates how cldge&ensus variables match the expected population (magnitude
accuracy) and the amount of disclosed rinfation (distribution accuracy). Since inventory is the
variable available in both the state and Census reports, it is an adequate measure to estimate grain
consumption by sheep at the coutgyel. In addition, the location or spread across the counties
is also accurate with almost all data being disclosed.
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Table 27. Comparison of Annual and Census Data for Sheep

Sheep

State-Level Variable:

Type Inventory

Time Frame/Date Jan. 1, 203

Amount 87,000
County-Level Variable:

Type Inventory

Time Frame/Date Dec. 31, 202

Amount 84,983
Percentage Difference -2.3%
Amount Disclosed 84,718
Amount Non-Disclosed 265
Percent Disclosed 99.7%
Percent NonDisclosed 0.3%

Source: 2012 Census of Agriculture for Virginia (USDIASS, 2014).

Grain Consumption: Horses Population

As mentionedn Appendix A,NASS does not collect information for horses on an annual
basis. Countyevel dataareavailable from two sources: the Census of Agriculture anditigenia
NASSField Office.Dataon horsegrom the Census is limited in Virginia because a large portion
of the stateds equifares; the €pnsusmadrastonates ithe tothbosea nd o f
populationin the statelnstead,information collected in a 2006 survey from tHASS Virginia
Field Office is used because it is the most accurate and recent data available on the total population
and distribut i of®Thefselestdd vayiable ireprésents the nusnlees of horses,
ponies, and mules in inventory in Virginia on November 16200

Tabke28pr ovi des summary data on Virginiads h
distribution on a map. In this cadgmagnitude accuragyis not a problenbecause the annual
estimatesusethe samedata.Also, snce much of thelata is disclosed (almost 93 percent), the
distribution is accuratd-urther, since th¥irginia NASS Field Office provides information on the
nontdisclosedquantities in each agricultural district, the accuracy of the distribution can be
enhanced.

®For example, according to the 2007 Census of Agricul tu
97,112. The Virginia NASS Office estimateattVirginia had a population of 215,000 horses in 2086121 percent
difference.
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Table 28 Information on County -Level Data for Horses

Horses

County-Level Variable:

Type Inventory

Time Frame/Date | Nov. 1, 2006

Amount 215,000
Amount Disclosed 199,200
Amount Non-Disclosed 15800
Percent Disclosed 92.7%
Percent NonDisclosed 7.3%

SourceVirginia NASS Field Office(2008).
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Additional Results
Consumptior{LivestockPopulation)Maps

Figure34¢ Map of Virginiadd42 Broilers by County, 2

Virginia Livestock
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SourcelUSDA-NASS, 2014.

Figure35. Map of Virginiabdéd2 Turkeys by County, 20
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SourceUSDA-NASS, 2014.
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Figure36. Map of

Virginia®s Hogs by County,

Virginia Livestock
Hogs
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SourcelUSDA-NASS, 2014.

Figure37. Map of

VirgiemyCointy,2@2ai ry Catt |

Virginia Livestock
Cattle, Dairy
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SourceUSDA-NASS, 2014.
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Figure38 Map of Virginiabs Beefl2 Cattle on Feed b
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Figure39: Map of Virginiad3 Sheep by County, 20
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Figure40: Map of Virginiado$é Horses by County,
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Source: Virginia NASS Field Offic€008).

ProductionMaps

Figure 41: Map of Barley Production in Virginia by County, 2012
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Figure 42: Map of Corn Production in Virgini

a by C
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Figure 43: Map of Soybean Mealin Virginia

by Cou

nty, 2012
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SourceUSDA-NASS, 2014.

The didribution of soybean meal is equivalent to total soybeans harvested for beans even though

the amounts are not the same.
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Figure 44: Map of Wheat Production in Virginia by
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Appendix C: Survey Recruitment Letter
and Instrument
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@ VirginiaTeCh ‘ ;)Ue:la{:l‘rrheel:(t):f}{/(\iﬁr(l(c)zgr;'al and Applied Economics

College of Agriculture Blacksburg, Virginia 24061
and Life Sciences 540/231-5850 Fax:540/231-7417
www.aaec.vt.edu/

[[DATE]]

[[FIRST]] [[LAST]] [[SUFFIX]]
[[ADDRESS]|
[[CITY]], [[STATE]] [[ZIP+4]]

Dear [[FIRST]] [[LAST]] [SUFFIX]:

We are writing to ask for your assistance in cooperating on a survey of Virginia’s grain production,
storage, and transportation practices. We are examining critical issues and constraints faced by
growers and the commercial supply chain. (A list of specific objectives is included on the back.)

Surveyinstructions: If you grow cash grain in Virginia, we ask thatyou (or another primary
decision-maker) complete the enclosed survey. The questionnaire should take about ten minutes.
Please return itin the postage-paid self-addressed envelope. While the surveys are numbered for
mailing purposes, you can be assured that your responses will be ke pt strictly confidential with
no disclosure of individualinformation. Only summaries of the results will be published. (If
you do not grow cash grain in Virginia and/or do not farm in Virginia, please mark the appropriate
box in Question #1 and return the survey in the postage-paid envelope.)

Importantly: Due to the possibility that more than one individual from the same farm receives a
survey request, we ask that only one survey be completed per farm. In addition, many individuals
were contacted through email and previous correspondence to an online version of this survey. If
you completed the “Virginia Grain Production and Storage Survey” electronically, thank you for your
response. Please do not complete the questionnaire a second time. If you grow cash grain crops in
Virginia and have not completed the survey, please consider doing so today.

Thank you for your time and assistance. Please continue to the back to read other important
information before beginning the survey.

Sincerely,
Gordon Groover, Extension Economist, Virginia Tech Gustavo Ferreira, Extension Economist, Virginia Tech
Kathryn Boys, Assistant Professor, Virginia Tech Peter Caffarelli, Research Assistant, Virginia Tech

Wade Thomason, Extension Grains Specialist, Virginia Tech  Bryan Tallaferro, President, Virginia Grain Producers Association

Enclosure

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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Additional Information

Background/relevance: Grain production and its allied industries are a leading part of Virginia’s
agricultural economy. Farm and off-farm storage, and the transportation system, are critical to the
efficient and timely flow of grain from farms to final users. This study is focused on identifying
“bottlenecks” in grain storage capacity and transportation systems from farm to final users.

Specific objectives of the research: To describe and identify: 1) current grain storage capacity and
transportation infrastructure; 2) plans for future building of on-farmand commercial storage; 3) the

impact of a more diverse supply of grain; 4) existing constraints in the grain marketing channels; and
5) possible economic incentives to producers and commercial elevators to reduce these constraints.

Benefits: Summaries of results will be published as Extension Publications and made available
through http:/mwwext.vt.edu/. Additional benefits consist of an enhanced ability to address the
needs of area grain producers and commercial facilities, including but not limited to offering policy
recommendations, proposing solutions to alleviate constraints, and providing educational programs.

Risks: There are no foreseeable risks.

Confidentiality: All information gathered will be anonymous. You will not be asked to disclose your
name or the name of your operation during the survey. We will ask only for the zip code of your
operation. Your responses will be kept strictly confidential with no disclosure of individual
information. Only summaries of the survey results will be distributed.

Voluntary participation: Your participation in this study is voluntary. However, you can help us very
much by taking a few minutes to share your experiences in Virginia grain production and storage. If
for any reason you prefer not to respond, please let us know by returning the blank questionnaire in
the enclosed stamped envelope.

Contact Information: If you have questions, please contact Peter Caffarelli (email:

caffarep@vt.edu, phone: 716-480-2763) or Gordon Groover (email: groover@vt.edu, phone: 540-
231-5850).

Importantly, by beginning this survey, you agree thatyou are atleast18 years old, voluntarily
participating in this study, and understand the study’s information provided above.

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action institution
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@ VirginiaTech

1. Did you grow cash grain in Virginia in the past year (2012)? (Put an “X” in the box that applies.)
O Yes, I produce and sell cash grains
O No, I farm, but did not grow cash grain } If “No,” please return the survey

O No, I do not farm or am no longer farming | 7 the postage-paid return envelope.

2. Please write the county and zip code where your primary grain farm operations are located:

County: Zip code:

3. What is the typical acreage under grain production?

acres

4. Approximately how many bushels of each grain are harvested during a typical year?

Field Crop Number of Bushels Harvested
Barley o
Corn
bu.
Grain sorghum T
Oats
bu.
R
e bu.
Soybeans i
Triticale bt
Wheat bil.
Other grain crop: s

5. What happens to your grain at harvest? (Put an “X” in the boxes to all that apply.)
O I sell my grain at harvest.
O I store my grain in commercial (off-farm) structures at harvest.
O T store my grain in owned on-farm structures at harvest.

O I store my grain in rented on-farm structures at harvest.

DIRECTIONS: If you store grain by any of the above methods, continue on to Question 6 (Page 2).
If you do not store any grain, please skip to Question 15 (Page 6).

Virginia Grain Production and Storage Survey [[NUM]]
1
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