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FIG. 1. Air photo patterns for principal crops for feeding cattle in Ontario. 1A-Hay field 01 ye 26 
just after the mowing operations has been completed, but before the hay has been removed from the 
field. Hay is almost invariably harvested in a round-the-field pattern, regardless of the shape of the field. 

farms a re  being operated in  a manner which 
is normal for Southern Ontario, and which 
farms have some unusual feature. T h e  mean- 
ing attached to the terms normal and unusual 
will be made apparent  in the discussion 
which follows. 

T h e  methodology makes the  following as- 
sumptions: 

1. That the interpreter is able to measure the 
dimensions of farm buildings with an accuracy 
of approximately f 2 feet. 

2. That the interpreter is able to identify the 
following land uses: corn, small grain, hay, 
improved pasture, rough pasture. 

3. That the interpreter can locate the boundaries 
of the area operated by each farmer. 

For the first of these assumptions to  be 
satisfied, i t  is only necessary, of course, to  
obtain photographs with sufficient clarity of 
definition and of large enough scale. In  the 

present instance, the  scale of the  photos 
used was 1: 12,000, and  measurements were 
made with simple instruments. With more 
sophisticated equipment, smaller scale photo- 
graphs would have been usable. 

Any photo scale which satisfies the first 
assumption will also be adequate for the 
second. Furthermore, ordinary black-and- 
white photos are  quite suitable for the simple 
crop differentiation t h a t  is required, provided 
t h a t  t h e  photo interpreter has  had some 
experience in  crop identification and t h a t  the  
photos were exposed during July, August, o r  
September. During these months, corn is 
easily recognized, whereas small grains, hay, 
improved pasture and rough pasture may be 
differentiated one from other by the different 
working patterns and textures which appear 
in the photo images (Figure 1). 

The  recognition of farm boundaries is also 

FIG. 1B. Hay field on October 4. The field has now a typical "before-mowingw appear :, as the 
cover of vegetation is well-established. Lighter tones in depressions indicate that the ha is at it two or 
three years old; after this length of time, the alfalfa and clover die out in poorly drainedrparts of the field, 
leaving behind the lighter-toned grasses of the hay mix. 
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FIG. 1C. Corn field on August 10. The heavy row-planted crop, with its dark tones and carpet-like 
texture is easily identified, especially under a stereoscope u here its height may be appreciated. Diagonal 
lines in the field corners are traces of the previous year's harvesting patterns, indicating that the field was 
formerly planted in small grains. 

not difficult in the great majority of instances 
because, in Southern Ontario, most farm 
units still conform to the  original survey 
pattern, which is clearly visible on air  photos 
of medium scale. Where a farmer is also 
working a n  additional piece of land adjacent 
to the  basic surveyed farm unit,  t h a t  fact will 
generally be revealed by the  tracks of farm 
vehicles. T h e  only really serious difficulties 
arise if a farmer owns or  rents extra land a t  
some distance from the  home farm, to  which 
he travels along a public road. Actually, the 
use of the methodology outlined in this paper 
will pinpoint farms which might possibly be 
using such dispersed holdings, and careful air 
~ h o t o  s tudv can resolve a t  least some of the 

T h e  d a t a  used in the s tudy were drawn 
principally from four widely separated areas 
of Southwestern Ontario and referred to  below 
a s  major sample areas (Figure 2).  Each 
covers about  ten square miles, and was 
selected because of i ts  special agricultural 
emphases. Thus, the  Wentworth area is 
essentially dairy-oriented. A t  Wardsville, the  
emphasis is on cash crops. T h e  Huron and 
Owen Sound areas a re  used for general 
farming, b u t  the former also produces cash 
crops, including vegetables. All areas were 
photographed in 1968, and all except the  
Huron area a t  the above-mentioned scale of 
1: 12,000. For  the Huron area, use was made 

problems. These instances, however, are  rela- 
tively rare, involving less than 5 percent of all 
farms in the areas studied. 

FIG. ID. Oat field on August 10 just before 
harvesting. Light patches represent "blow-down," 
which is particularly common in oats due to the 
weakness of the plant stalk. Diagonal lines in the 
held corners are traces of the previous year's 
harvest operations. Superimposed on thein are the 
end-to-end lines of the more recent seeding pattern. 

FIG. 1E. Wheat field on August 19 just before 
harvesting. Slightly mottled tones indicate uneven 
ripening of grain. Blowdown is not apparent. Seed- 
ing was from end-to-end of the field (not neces- 
sarily indicative of wheat). 
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FIG. IF. Oat field on August 10 just after har- 
vesting with a 6;-foot combine. Smaller combines 
are of the pull type and normally work around the 
field. This pattern is also common with fields of 
irregular shape. Larger combines, with a swath 
width of 8 feet or more, are generally self-propelled, 
and tend to work from end-to-end of the field, 
particularly if i t  is in the shape of a rectangle. 

of photographs taken for the  Canada De- 
partment  of Agriculture a t  the  scales of 
1 :8400 and  1 : 3600. Field checking was done 
in 1968 and 1969. 

I n  each of the  four major sample areas, all 
beef and dairy farms were studied in detail, 
except for those which extended so fa r  out- 
side the area covered by  t h e  photographs 
t h a t  a satisfactory inventory of land use 

FIG. 1G. Partly harv d corn field on October 4. 
The texture and pattern of the standing corn are 
not much different from those to be found earlier 
in the growing season, but the tone is somewhat 
lighter. End-to-end harvesting by rows is typical 
of corn, which is also the only field crop being 
harvested in Ontario as late as October. 

could not be  made;  the total number of farms 
was 83, or  approximately 21 per sample area. 
Elimination of a farm from consideration be- 
cause of lack of cooperation of t h e  farmer was 
necessary in  only two o r  three instances. 

I n  addition to  t h e  four major sample areas, 
sixteen other areas in Southern Ontario were 

FIG. 1H. Pasture field on August 10. Uneven textures and cattle tracks indicate the use of this field. 
The appearance of pasture fields does not alter greatly throughout the growing season. 
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MAJOR SAMPLE AREAS (1969 DATA1 

MINOR SAMPLE AREAS (1968 DATA) 

FIG. 2. The four areas in Southwestern Ontario, Canada, from which the data for 
this study were derived. Each area covered about 10 square miles. 

studied in  somewhat less detail (Figure 2).  
Within these areas, referred to  a s  minor 
sample areas, the  number of farms included in 
the s tudy totals 269. 

1. DETERMINATION OF FARM TYPE BY LAND 
USE ANALYSIS 

T h e  key to the application of land use 
analysis in  determining the  type and number 
of cattle to  be found on  any  given farm lies in  
the feeding recommendations laid down i n  
publications of the  Ontario Department  of 
Agriculture.' These recommendations a re  
quite specific in two senses. First, they indi- 
cate, for a number of feeding systems, the  feed 
composition in  terms of grains, corn silage, 
and hay or  grass roughage. Secondly, they lay 
down the  type and amount  of feed required 
per day,  per head of cattle, according t o  the  
type, age and  weight of animal. 

For  both beef and dairy operations, a con- 
siderable number of different feed mixes a re  
recommended, each of which is qui te  clearly 
designated a s  being suitable for beef or dairy 

Dairy Husbandry in Ontario, Ontario Depart- 
ment of Agriculture and Food. Publication No. 
519, Toronto, Ontario. 

Beef Husbandry in Ontario, Ontario Department 
of Agriculture and Food. Publication No. 509, 
Toronto, Ontario. 

Also various papers from Soils and Crops 
Branch, Ontario Department of Agriculture and 
Food. 1967 and 1968. Toronto, Ontario. 

cattle; no all-purpose feed systems a re  rec- 
ommended. Each farmer may choose the 
feed mix, appropriate to  his type of operation, 
which he finds i t  most convenient o r  profitable 
to  adopt. W h a t  is  significant in  terms of the  
present analysis, furthermore, is t h a t  each 
feed mix or feeding system can be expressed in 
terms of a set of equivalent crop acreages. 

T h e  acreage conversions were based, in  the  
first instance, on the  average crop yields 
obtained in Wellington County,* chosen 
because of i t s  central location in Southern 
Ontario, even though i t  contains none of the  
major sample areas. Using these yields (Table 
1) i t  is easy to  calculate the numbers of acres 
of hay,  corn, and various small grains which a 
farmer would need to produce the ingredients 
of a n y  recommended feed-mix in a n y  given 
quantity. Reference to  a n y  specific quant i ty  
may then be eliminated if t h e  acreage re- 
quired for each of the  three feed components 
is expressed a s  a percentage of the acreage 
required for all three combined. Then,  a s  the  
three percentages obviously add up t o  100, 
they can be  graphed simultaneously o n  a 
triangular diagram, in  which each recom- 
mended feeding system can be located a s  a 
point (Figure 3A). 

T h e  result of this operation is a clear-cut, 

* To use the figure for just one county consti- 
tutes, of course, a simplification, but one which 
has apparently given rise to few if any, difficulties 
in the latter stages of the analysis. 
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1 Agricultural Statistics for Ontario. 
Dairy Husbandry in Ontario. 

though relatively complex, grouping of points 
within the triangle. A neat  division into one 
dairy area and  one beef area does not emerge; 
rather, two distinct parts of the triangle 
correspond to dairy feeding systems and 
three parts  to  beef feeding systems. Expect- 
edly, no feeding systems are  located in the 
upper par t  of the triangle. Where over half of 
a farm's acreage is devoted to small grain, the 
grain is normally sold for cash or fed to  hogs 
rather than to cattle. 

I t  is now convenient to  designate clearly 
the dairy and beef areas of the feed triangle 
by the drawing of boundary lines a s  shown in 
Figure 3B. T h e  lines were drawn so a s  t o  run 
equidistant between each pair of neighboring 
dairy and beef points. 

The  next step, t h a t  of locating actual 
farms on the land-use triangle, following 
measurement on air photos of the acreages 
devoted t o  different crops, involved two re- 
finements. One was the  use of yield figures for 
the county in which the  farms are  located and 
for the year in which the  photographs were 
taken. T h e  second was the recognition t h a t  
all roughage does not come from fields of 
cultivated hay;  a n  important  fraction may be 
derived from fields classed a s  pasture. T o  deal 
with the  difficulty, use was made of a 
formula2 which equates the  feed produced 
from one acre of improved pasture with the 
production from 0.6 acres of cultivated hay. 
Rough pasture was more arbitrarily con- 
verted into a hay equivalent assuming t h a t  
i ts  feed value would be one-half t h a t  of im- 
proved pasture. In  other words, one acre of 
rough pasture was taken a s  equivalent to  0.3 
acres of hay. 

Johnson, R. W. "Increasing the Yields of Al-  
falfas." Ontario Soil and Crop Improvement As- 
sociation. 1967. 

By noting the  positions occupied on t h e  
land-use triangle by the farms studied in the  
field, i t  was then possible to  test  the  hypoth- 
esis t h a t  beef farms use beef feeding systems 
whereas dairy farms use d a i r y  feeding sys- 
tems. Thus, for the  269 farms of the minor 
sample area, i t  was discovered t h a t  in  88 
percent of all instances, dairy farms fell 
within the dairy areas of the triangle and  beef 
farms within the corresponding beef areas. 
For  the farms of the  major sample areas, 63 
of the 83 were found to occupy the expected 
triangle locations. 

T o  obtain some insight into t h e  reasons 
why some farms turn up in the wrong par t  of 
the  triangle, a separate examination was 
made of the 20 anomal ies  from the  major 
sample areas. Of the 12 beef farms located in 
a dairy par t  of the triangle, i t  was discovered 
t h a t  4 were run by part-time farmers; 5 were 
cow-calf operations, which used a d a i r y  feed 
mix for the cows when they were in calf, and 
the remaining 3 farms took in feeder beef - 
cattle on a temporary basis; the owner of the 
animals lives elsewhere, and may remove 
them to his own property for a par t  of the  
year. Of 8 dairy farms located in  the beef 
sections of the  triangle, 4 were run by  part-  
time farmers, one had a cash crop emphasis, 
one buys all his grain feed, one was holding 
land for speculative purposes, and  one had 25 
beef cattle in addition to  i t s  dairy cattle. 

T h e  results of this test were taken to indi- 
cate  t h a t  t h e  hypothesis may,  in  general 
terms, be  accepted. A t  the same time, sup- 
por t  is provided for the  assumption, implicit 
in the  entire approach, t h a t  most dairy and  
beef farmers in Southern Ontario produce on 
their own land the  bulk of the feed which is 
consumed by their cattle. 

I n  addition, i t  was discovered t h a t  the  
land-use ratios may be used to provide in- 
formation about  the  type of operation which 
is carried ou t  on a n y  given beef farm. Thus,  a 
triangle location allocating over 45 percent of 
the acreage t o  corn was found in every case t o  
identify the  beef farm a s  a steer feeding 
operation, in which young animals a r e  
bought and fattened for the  market during a 
period of approximately six months, af ter  
which they a re  sold. A triangle location in 
which small grain occupies over 38 percent of 
the  acreage invariably indicated a beef/hog or  
beef/cash-crop operation (Figure C3). 

Cow-calf beef production is not identified 
by  location on the  land-use triangle alone, 
b u t  definite relationships with land use 
patterns exist nonetheless. Of 7 beef farms 
located within t h a t  par t  of the dairy area D l  
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FIG. 3. The land-use triangle. A (top)-Land-use 
ratios for recommended feeding systems. A solid 
dot represents a beef farm and open dot a dairy 
farm. B (center)-Differentiation of farm type by 
land-use ratios. C (bottom)-Differentiation of 
beef farms by land-use ratios. 

where 15 to  45 percent of the acreage is in 
corn, 6 are  cow-calf operations. I n  t h a t  par t  
of the beef area B1, where over 90 percent of 
the  acreage is in hay, 7 ou t  of 11 farms are  
also of the  cow-calf type (Figure 3C). 

2. DETERMINATION OF FARM TYPE BY BUILD- 

ING ANALYSIS 

Dairv Farms. From a n  examination of fa rm 
buildings of Southern Ontario, a s  they appear 
on air  photos of the scale 1: 12,000, the  most 
useful indication of dairying is the presence of 
a milkhouse, a small square structure project- 
ing outwards from the main barn. In  addi- 
tion, with free stall3 barns, a milking parlor 
will be present, easily identified by i ts  shape 
and  size (Figure 4) .  

A few dairy farms (about 10 percent of all 
instances) have no milkhouse or milking 
parlor. Some of these farms produce indus- 
trial milk, and d o  not need milkhouses. In  
other cases, the  milkhouse is within the barn, 
where i t  escapes detection on air photos. In  
a few instances, the  presence of a milk-loading 
platform beside the  road may provide a n  
alternative clue to  the emphasis on  milk pro- 
duction. 
Beef Farms. Absence of a milkhouse 

and,  in many instances, the  presence of pole- 
type barns are  indicators of a beef operation. 
A feed-lot, or large fenced-in earth-floored 
area adjacent t o  the barn, indicates t h a t  the 
farmer is feeding beef for weight gain. 

A pole barn is  typically a long narrow 
structure running along one or  two sides 
(generally the  north and  west) of a rec- 
tangular yard. T h e  side of the barn which 
faces the  yard is of open construction. Alter- 
natively, a pole barn may be  built in the  form 
of a lean-to on the side of a n  older conven- 
tional type barn (Figure 5) .  

STEPS ONE AND TWO COMPARED 

Where the farm type has been identified 
by  the two methods of land use and building 
analysis, and where the results agree, they 
may be accepted with complete confidence. 

A free stall barn is divided into stalls, but the 
cows are not tied in the stalls. Alleyways between 
stalls are paved. 

% ocrrage lo Hay 

In  a number of instances, however, the  re- 
sults are  found to be conflicting. Under these 
conditions, the  following assumptions were 
found to be applicable in the present s tudy:  

Where the land use points to a dairy opera- 
tion, but no milkhouse and/or milking parlor 
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M lkhouse 

Sl l0  ........................... 

:. ........................................... 2 

0 100 feet 

FIG. 4. Housing arrangements for dairy cattle. 4A-Housing in unmodified conventional barn with 
tie stalls. Barn dimensions are 38 ft.X62 ft. The width is sufficient for two rows of stalls, and the stalls 
will run for 9 the length of the barn, or 45 ft. (nearest multiple of 5 below the actual figure of 46%). The 
total number of 5-foot stalls is thus 18. The barn will house 18 cows and 16 young cattle. 

can be seen, the farm should be classed as a 
cow-calf beef farm provided that 15 to 45 per- 
cent of the acreage is corn. Where the corn 
acreage is outside these limits, the farm should 
he assumed to he a dair) farm with the milk- 
house in the basement of the barti or an in- 
dustrial milkoperation without a milkhouse. 
Where land use indicates a beef operation, but 
a milkhouse is present, it is probable that the 
operation is a mixed one, producing both beef 
and milk, that aswitch has recently been made 
from dairy to beef, and/or that the farm is rut1 
by a part-time operator. The last explanation 
is probably the correct one on farms where 
an unusually large amount of land is devoted 
to hay or pasture. 

3. DETERMINAI'ION O F  CATTLE NUMBERS FROM 

LAKD U S E  ANALYSIS 

Once the  nature of the livestock o ~ e r a t i o n  
on  a n y  given farm has been established, i t  is 
possible t o  obtain a n  estimate of the number 
of cattle which can be  maintained by the  feed 
produced on  the farm. T h e  following steps 
a re  involved : 

* Using the county crop-yield averages, cal- 
culate the total farm production under the 
categories of (a) hay and (b) fodder corn. 

* I t  ma be assumed that all the hay produced is 
storedion the farm and fed to the cattle. A 

0 100 feet 
I 

FIG. 4B. Housing in tie stalls in conventional barn modified by addition of an adjoining wing. In the 
original conventional barn (Section A), stalls run from the milkhouse towards the new addition to the 
barn (Section B). In the Lshaped Section A, the dimensions of the arm in which the stalls are located is 
30 feetX38 feet. The width is thus sufficient for one row of stalls, and stalls will run for the entire length of 
the arm, except for the last three feet which is used as a passageway. Section B is used entirely for stalls 
except for a passageway a t  each end. As a stall width is 5 feet, Section A will contain 9 stalls, and Section 
B 10 stalls, for a total of 19, equivalent to the number of cows housed in the barn. The number of heifers 
and calves (at a ratio of 9 young animals to 10 cows) will be 17. The rectangular projection on the side 
of Section B would not be identified as a milkhouse because it is not accessible by road. 
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FIG. 5. Housing arrangements for beef cattle. 
5A-Loose housing of steers in one-story enclosed 
barns. Barn dimensions are 45 feetX85 feet and 52 
ieetX123 feet for a total area of 10,221 sq. feet. 
Allowing 25 sq. ft. per steer, the number which can 
be housed is 408. The fact that the building on the 
right-hand side of the feed lot is used for storage 
dnd not for animal housing may be interpreted 
from the following features: the roof pattern in- 
dicates that the open side of the structure is away 
from the feed lot: the roadway on the open side 
indicates that the building is hsed for stbrage of 
machinery; and only a fraction of one side of the 
building is adjacent to the feed lot. 

........................................ 
Stockyard 

+Fence 

Pole Type 

0 100 feet 

FIG. 4C. Housing in loose stalls in enclosed barn 
with attached pole type shelter. Dimensions of the 
enclosed section of the barn are 34 to 38 ft.X 172 ft. 
As space for young animals and feed storage is 
available in the pole type section of the barn, it  is 
assumed that the entire length of the enclosed sec- 
tion will be available for stalls. Presence of a milk- 
ing parlor indicates a loose stall operation, such 
that the barn width will permit two rows of stalls. 
Allowing for a passageway at  each end of the rows 
of stalls, the total number per row will be 32. Hence 
the barn will house 64 cows and 57 young cattle. 4 

Feedlot 

similar assumption, however, cannot be so 
safely applied to corn, much of which may be 
sold or used as grain rather than silage. To 
obtain a precise figure for the amount of silage 
which is used, one should measure, on the air 
photos, the silo dimensions and, using the 
values in Table 2, read off the number of tons 
of silage which it (they) can hold. This figure 
should be used rather than the total farm pro- 
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Fenced Parlure Field 

Pole Type Born 

100 feel 
I 

FIG. SB. Cows and young cattle housed in conventional barn with tie stalls. Dimensions of the section 
of the barn used for cattle is 40 ft .X80 f t .  The fact that  the remainder of the structure is used for other 
purposes may be interpreted from the following features: it is a one-storey addition; and the only cattle- 
housing operation which would utilize an  entire building of these dimensions is the loose-housing of steers, 
requiring an  adjacent feed lot which is not present on this farm. The barn width of 40 ft. is sufficient for 
two rows of stalls, which run for 60 f t .  of 2 the length of the bui ld i~~g.  AS each stall is 4 ft. wide, the total 
number of stalls is 30. The building therefore can house 30 cows and 30 young cattle. 

duction of corn in instances where the latter that any given animal is fed either hay or corn 
figure is the larger. silage (which is perfectly possible) rather than 

* From the values in Table 3 calculate the nurn- a combination of the two (which is actually 
ber of cattle which can be fed, during the six- more likely). One works out the number of 
month indoor feeding period,4 using the hay cattle which can be fed on the hay alone, and 
and corn silage which are a ~ a i l a b l e . ~  In making adds to this the number which can be fed on 
this calculation, i t  is assumed for simplicity the corn silage. 

I t  is taken as a working assumption that a farm A t  this s t age  of  the  procedure i t  is also 
needs one acre of improved pasture (or rough pas- necessary to assume that a cow.calf beef ture equivalent) for each cow/calf combination or 
for each two steers. I t  follows then that  any animals opera t ion conta ins  equal numbers  of cowsand  
over and above the number that can be grazed on calves, whereas  a da i ry  opera t ion will con- 
the available pasture will require "indoor feedinq" tain, o n  the  average 5-cal;es and 4 heifers6 
for the entire year, and will thus need double the for each 10 cows. auantities of feed s~ecified in Table 3. 

For this step in'the methodology, it was found 
that the small grain production can be ignored. I n  calculating feed requirements, all young an- 
The reason is that many farmers either buy or sell imals are counted as heifers for the six-month in- 
some small grains, while commercial transactions door-feeding period (p. 59, Dairy Husbandry in 
involving corn silage and hay are negligible. Ontario). 

m 
Equ~pment 

ond 
Storope 

I 

0 I00 feet 

FIG. SC. Loose housing of steer$inTpoleibarn. Dimensions of the barn are 50 ft.X80 ft. for a total area 
of 4,000 sq. ft. Allowing 98 sq. f t .  per steer, the total number which can be housed is 41. 
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1 Source: Dairy Husbandry in Ontario. 

TABLE 2. TONNAGE CAPACITY OF SILOS~ 
Standard Silage Capacity Table for Estimating 

Approximate Farm Silo Capacity in Tons 
of All Silage Crops 

4. DETERMINATION OF CATTLE NUMBERS 
FROM BUILDING ANALYSIS 

Silo 
Height 
(Feel) 
- 

20 

Once the farm type is known, i t  is possible 
to determine fairly exactly the  number of 
cattle t h a t  may be  housed in a farm building 
of given shape and size, these dimensions 
being obtained by measurements made on  
the air  photographs. 

I n  a conventional barn, internally divided 
into stalls, t h e  procedure involves estimating 
the number of stalls, assuming t h a t  they a re  
laid o u t  a s  indicated in the  sketches (Figures 
4 , s ) .  

In  such a conventional barn used for dairy 
cattle, one generally finds two rows of stalls, 
running 3/4 the  length of the  barn, provided 
t h a t  the  barn width is 38 feet or more. With 
widths of 28 to  35 feet, one row of stalls runs 
the full length of the building. For  a n  L- 
shaped barn, the  same rules a re  applied to  
each wing separately. New additions to  the  
barn may contain a full row of stalls even 
though no more than 20 feet wide. For  such 
narrow additions, however, a n  allowance 
must be made for a four to five foot-wide 
corridor a t  each end of the row of stalls. 

As the width of the stall used for a dairy 

Silo Diameln (Feet) 

14 16 18 20 24 30 
- - - - - -- 

54 I 70 I 80 1 1 0  1 1 5 8  1 248 

cow is 5 feet, i t  is  then quite simple to  work 
ou t  the  number of stalls which a n y  given barn 
contains. This  number is then identical to  the  
number of cows which can be housed. T o  ob- 
tain the  number of young cattle (calves and  
heifers), one may assume t h a t  for each 10 cows 
there are  8 to  9 young cattle; these animals 
a re  kept  i n  pens, in parts  of the  barn not 
divided into stalls. 

Some newer one-storey barns use a free- 
stall system which permits two rows of stalls 
in  a building only 25 feet wide. Dairy barns of 
this type can usually be identified on air  
photos, not only because of their shape and  

1 Values in the table were calculated by first obtaining the 
average liveweight for each type of animal and then allowing 
a daily food ration of 21 lbs. hay or 6 lbs. corn silage for each 
100 lbs. liveweight. 

2 In actual practice, the animals are normally fed both hay 
and corn silage. For purposes of determining the number of 
animals, however, it is satisfactory to assume that any given 
animal is fed either hay or corn silage. 

Ty$e of Animal 

Dairy cow 
Dairy heifer 
Beef cattle, mature animal 
Beef cattle, yearling 

heifers and stockers 

size b u t  also because they invariably have a n  
attached milking parlor if they are  used t o  
house dairy cattle (Figure 4). 

For  pole barns, in which dairy animals a re  
not kept  in  stalls, the  carrying capacity may 
be determined by  assuming t h a t  cattle occupy 
3/4 of the  area of the building (the remainder 
being used for other purposes) and  t h a t  within 
the area used for cattle, each cow will re- 
quire 55 square feet. 

On farms raising beef cattle, the  carrying 
capacity of buildings is  somewhat larger per 
square foot than on dairy farms. Thus, in  a 
conventional beef barn, two rows of stalls may 
be found where the barn is 34 or more feet 
wide, and the  stall width in a beef barn is only 
four feet. In  almost all barns used for beef 
cattle, stalls only run 3/4 of the length of the 
barn.I 

I n  pole barns,8 the total area of the barn is 
used in the  calculation. Ninety-eight square 
feet are  allowed per steer o r  young cow. 

I n  a few farms, beef cattle a re  housed loose, 
in  barns without stalls. These barns may be of 
conventional type, with a pole type shelter 
built onto the  side of the barn. Alternatively, 
they may be new one-storey structures over 
40 feet wide. With this kind of housing where 

Pounds of Hay 

3,960 OR 
2,160 OR 
3,780 OR 
3,600 OR 

steers are  kept,  the  number of animals may be  
determined by allowing 25 sq. ft. per head, 
the entire area of the barn being used in the  

,?r&:ie 
12,240 
6,480 
9,900 
9 ,514  

In some beef barns, the animals are also housed 
in free stalls, rather than in tie stalls. This fact 
cannot be interpreted from aerial photographs, but 
the number of cattle which can be accommodated 
in this way is not significantly different from the 
number which would be housed in tie stalls. 

A pole barn used for raising beef cattle may 
usually be distinguished from a pole barn in a dairy 
operation since the latter is almost always as- 
sociated with a milkhouse or milking parlor. Also, 
silos are more commonly found on beef than on 
dairy farms. 

I 



Area 
Mean Error of Pre- 

Actual Total No. of Predicted Total No. 

(in percent) Cattle in  Area oj Cattle in  Area 

Wentworth Beef 674 
Dairy 383 

Wardsville 

Owen Sound 

Beef 1,084 
Dairy 0 

Beef 765 
Dairy 698 

Huron -0.75 Beef 1,293 1,282 I Dairy 254 1 258 

Mean Error 'landard 
No' of Predtctton 

Nature of Analysts of Per Farm Prediction 
Farms (in fierunt) Per Farm 

( in  percent) 

Build~ng analysis only 
Land use analysis only - 3 . 3  16 .6  

Building and land-use -3 .6  14.3 

analyses in combination '1 1 
calculation. I n  cow/calf operations, 3/4 of the 
area of the barn is assumed to be available for 
cows, and each cow is allocated 30 sq. ft. 

T h e  results of applying the  given method 
of building analysis to  t h e  determination of 
livestock numbers in  the  farms of the  four 
major s tudy areas a re  given in Table 5. 

STEPS T H R E E  AND FOUR COMPARED 

In  most instances, the  livestock estimate 
obtained from the land use analysis is very 
close to  the  estimate obtained using the 
building analysis. Where the  difference is less 
than 8 cattle o u t  of 100, the two values should 
be averaged. Where the  difference exceeds 
this figure, the  lower values should be  ac- 
cepted except t h a t  o n  farms with no hay and 
no silos, b u t  in  which the  kind of barn and/or 
the presence of animal tracks and/or manure 

piles suggests t h a t  cattle a re  kept  in  the  
barns, the  building estimate should be used. 

I n  addition, where the building estimate is  
considerably larger than the  land-use esti- 
mate, i t  is possible t h a t  the  farmer's holdings 
are  larger than was originally interpreted 
from the air  photographs. I n  these instances, 
careful examination, on  the  photos, of t h e  
area within two or  three miles distance from 
the home farm may permit the  location of t h e  
missing acreage. 

A few other special conditions also exist, 
which can be identified by  air photo inter- 
pretation and which permit some further 
minor refinements in  the estimation of the  
number of cattle. As these occurrences a re  
quite uncommon. they are  not discussed here. 

T h e  results of applying the  methodology to 
the determination of numbers of cattle within 
the four major s tudy areas are  a s  shown in 
Tables 4, 5 and 6. I t  will be noted t h a t  the 
mean error of   re diction is less than 4 oer- 
cent,  even where only one of the  two elements 
of the methodology is used. Utilizing both 
land-use and building estimates in  combina- 
tion, the mean error is reduced t o  less than  1$ 
percent where the  standard error for a n y  
given farm is approximately 6 percent, being 
slightly higher for dairy than for beef farms. 

Mean Error of 
Prediction Per 

Farm (in percent) 

-1.9 
-0.5 

Farm 
Type 

Beef 
Dairy 

Predicted To'otel No. 
Area 

3,765 
1,330 

No. of Farms 

52 
29 

Standard Error of 
Prediction Per 

Farm (in percent) 

5.9 
7.3 

Actual Total No. of 
in Area 

3,816 
1,335 



A I R  PHOTO ANALYSIS O F  BEEF AND DAIRY FARMING 

Using air photo interpretation alone, i t  is 
possible to determine with a high degree of 
accuracy what kind of cattle-raising opera- 
tion is being practiced on farms of Southern 
Ontario, and how many cattle are being kept 
on each farm. 

The exact application of the described 
procedures in other parts of North America 
would probably not give an  equivalent de- 
gree of success a s  other areas may have their 

distinct cattle feeding and housing systems. 
Nevertheless, the general approach tha t  has 
been applied in the present study in Southern 
Ontario can be utilized everywhere to permit 
the precise evaluation from air photos of a 
number of important elements in the farm 
economy. The ordinary black-and-white 
photography can reveal a vast amount of new 
information, provided that  the air photo user 
is adequately informed about the phenomena 
he wishes to interpret 
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T h e  American Society of Photogrammetry 

publishes three Manuals which are  pertinent to its discipline: 

Manual of Photogrammetry (Third Edition), 1966 
Price to Price to  
Members Nonrnefnbers 

1220 pages in 2 volumes, 878 illustrations, 
80 authors. (Sold only in sets of 2 volumes) $19.00 $22.50 

Manual of Photographic Interpretation, 1960 
868 pages, 600 photographs (of which 225 are stereo 
pairs for 3D viewing), 16 full-color photographs, 
90 authors 

Manual of Color Aerial Photography, 1968 
550 pages, SO full-color aerial photographs, 16 pages 
of Munsell standard color chips, 40 authors $21.00 

Send orders, o r  requests fo r  further  information, to 

A S P ,  105 N. Virginia Ave., Falls Church, Va. 22046 


