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Use of Cluster Analysis to Identify Size
Structure in Irrigated Agricuiture*

_——
b UNIWVERSITY OF 22 FORNIA 1

by

Jamas C. YWade*=*
Abstract

Analysis of structure in American agriculture often overlooks both
the subtle and complex differences among farms of varying sizes within a
relatively small production area. The resource components of farms of
various sizes significantly affect the size and crop mix structure of each
group of farms. To examine this structure.sampled farms have been grouped
using cluster analysis. The multivariate data observations are grouped
without preconceived hypotheses. Statistical analysis of the resuits
reveal that farms group somewhat by size and crop mix. However, smaller
farms do vary substantially in composition from Targer farms and avoid
significant production of risk-oriented crops.

INTRODUCTION

One of the hot items in agricultural policy analysis is the "structure”

of agriculture. Like many Othér topics that have been of concern over the
years the structure question is ill-defined. Structure questions seem to
center on the question, "Who controls Agriculture?", at best a vague question.
Among the many subcomponents of the structure'questidn are the questions
associjated with acreage 1im1ﬁations in the Reclamation Projects of Western
irrigated agriculture. The debate continues in the legislative centers

as to what types of Timits should be set on the size of farms that will
receive federally subsidized water. No single, clearly superior size will
aver emergebfrom the maze of compléx regional, climatic, cultural and

political variables.
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The issue of "proper" farm size is one that most Tikely will never be
totally resolved. The continuous advance of téchho]dgy has resulted in
most‘farmers'increasing the size of farm businésses to l"sprz‘aad"'capi’ca‘i
investment cost ovér'a]arger numbér,o% aéres.v UnenforcedvihStitutional
restraints oﬁ farm size in Federal reclamation projects have allowed
expansion of»farmventerprises in these areas as investment cost and technology have

required. The threat of enforcement of these restrainté has caused much
concern among irrigated farmers in existiﬁg and proposed reclamation projects
(Wade, Selley and»Baggs, 1978).

The purpése of this paper is to present a.method that
has been_used to analyze farm size strucﬁure in Arizona, and to examine in the
short space avai]éble some of the results of»thié éna]ysis. The paper
presents a brief summary of a farm size survey conducted in 1978, a
methodology (cluster ana]&éis) used to analyze the collected data and éome

of the implications for policy analysis of the analytical results.

FARM STZE SURVEY

One of the major undertakings of the study reported here has been
to design,édminister and analyze a questionnaire on farm size structure
in Arizona. This data collected in cooperation with the Arizona Cotton
‘Growers Association is primarily on acreage harvested by crop, ty§e of
water used and percent of income defived from farmfng. A1l of the data
- collected are based on 1977 farm production information.

Table 1 summarizes the statistical characteristics of the returned

questionnaire by county and subgroup. The total number of questionnaires.

mailed (including many dup]icates)_was 2126. The number of usable questionnaires




returned was 354. The estimated ugable return percentage for Maricopa,
Pinal and Yuma Counties are 17.3, 15.0 and 17.1, respectively. The total
usable return is approximately 16.7 percent of the total number of qpestion—
naires sent. Table 1 could be analyzed in depth to provide considerable
information on farm structure in Arizona. However, this analysis is

Teft in part to the reader, since the purpose of this paper is to examine

the methodology used to analyze the data.

GROUPING FARMS FOR STRUCTURAL ANALYSIS

The farm sample described in the previous section comprises a signif-
icant portion of Arizona's cropland agriculture and a reasonable sample
with which to analyze the structure of such agriculture in the state.
To analyze the structure of farms in Arizona, c]ustéfA;;é{§sis, é>mathe—
matical technique, was used to group the sampled farms based on the values
of the characteristics as reported by the farmers. These groups or clusters
were then compared to determine if tﬁe clusters are indeed statistically |

different. This section briefly surveys the methodology used to group

the data and to test to determine if the groups are indeed different.

Cluster Analysis

Cluster analysis is a set of procedures for ané]yzing the level or
degree of association of multivariate data observations. The procedures
analyze the data with minimum preconceived hypotheses to reduce the data
to levels of commonality or associatibn. Thus, cluster analysis utilizes

the observed data and a series of mathematical measures of association to

group a set of ‘m observations into k groups. To utilize this procedure




three specific concepts of measurement of association are presented.
These are distance, centroid computations and data normalization.
In the analysis used in this study distance between data units is
measured‘using the squared distance metric.
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For a single variate data set the centroid is the mean of all observations.
For a multivariate data set the centroid is the vector of means ofkall
observed variables (i=1,...,n) over 51] data points;

~ The squared distance'metric has three characteristics that should
be kept in mind: 1) Varjab]es and the manner of representing them are
taken as given.  If one variable is expressed in feet and a second |
variable in bounds, the metric involves the sum of the squares of a
~difference in feet and the sum of the squares of a diffefence in pounds, 2) each
variable is treated in a linear manner: that is, each variab]e;appears
‘as itself; more complex functional forms such as po?ynpmia]é are not
included explicitly, and 3) each variable is treated independently of all

the others. The contribution of each variable is the squared difference in score




for two data units. This quantity depends in no way whatever on the scores
achieved on other variables. If taken quite literally, these three

characteristics would be very limiting. However, to overcome these

11m1tat1ons the data utilized in th1s study was normalized by generat1ng
a set of dummy variables and, thereby, revising the measurement scales.

The principal ideal of normalization is to remove the artifact of the
measurement unit and anchor each vafiable to some common numerical property.
Disposing of fhe'measurément unit involves dividing all the scores for a

variable by a suitable normalizing factor expressed in the same units.

For example, if Xij is the score on the ith normalized variable for the

Jth data unit, then the quantity | Xij—xikl lies betwgen 0 and 1. The

“range" of the variable is the Targest observed difference between any two

data units so that the difference in normalized scores may be viewed as the

fractional disagreement (relative to the maximum possible) between two

data units. Since the observed range of a variable is the difference betweén

its two most extreme scores, such scores and their associétéd data units

are examined for errors of observafion'or indications that the data units

really do not,bélong with tﬁe data set. Special scrutiny is indicated when

an extreme score is grossly different from the next most extreme.
Nonhierarchical cluster methods divide m data units into k clusters -

or groups. The'prqcedure normai]y starts with an initial partition of the

m data units and then alters the partition to improve the level of association

of the data units in the k clusters. Two primary questions are of utmost

concern. What constitutes a better association of data units? And, how

does one achieve improved sets of associations? Although several methods are

available for developing such association, Folgy's Method which was used this

study is simple and straightforward, (Forgy, 1966, and Anderberg, 1973)




Statistical Analysis

The division of a set of data units into‘clusters brings up the
question of which clusters are siatisticéliy different from other clusters.

To evaluate this quest%on two statistical procedures were used, The
observétionswereranked without regard to assighed cluster using an

observed variable as a bases for ranking. These rankingswere analyzgd

using Kruskal-Wallis (K-W) test and the multiple comparisons test to determing
which clusters wefe-statistica]ly different.A These two nonparametric
statistical tests are summarized in the f0110w1n§ paragraphs.

The K-W test is a nonparametric statistical test on k independent samples
utilizing one descriptive variable. The test is an}extension'of the Mann-
Whitney test and is more powerful than the k—sémple median test since it
uses the rank value of each case not just its location relative to the median.
The K-W test tests thevﬁypothesis, Hopthat the median ranks of the k populations

are equal. The alternative hypothesis, H],is that at least one of the populations

has a median rank different from the other popu]étions. (Siegel, 1956)

When testing using the K-W test leads to the rejection of the null
hypothesis that not all of the sampled populations are identical the
question follows as to which populations are different.

Testing all possible pairs of means fn the usual way affects the

probability of rejectihg a true null hypothesis. One way to circumvent A

this problem is to use a multiple-comparison procedure that incorporates

an adjustment for the problem regarding the level of significance.
The multiple comparisons test describe in Daniel (1979) was used in this

analysis to examine this question.

CLUSTERING OF ARIZONA IRRIGATED FARMS

. The 354 farms described in previous sections were grouped into ten

groups using cluster analysis. ' Ten was chosen arbitrarily.




The data used to form the clusters were the “ranged"

estimated gross income of the farm (based on farmer reported acreage and
county average yields and prices) by county and the percentage of the
cropped acres—on~each %arm that occurs in each of 10 crop groups shqwn in the
10wer.part of Table 1. Based on these data the farms from all threé
counties were used as a single data set and divfded into 10 clusters.

The clusters, arfanged in ascending farm size (acreage) and numbered 1 to
10 for convenience, are described briefly in Table 2. Several summary |
statistics for each cluster are also given in the Table.

The largest farms are generally grouped in Cluster 10 which clearly
dominates all other farms in size and estimated groés revenue, Twelve.
farms comprising approximately 51,096 acres in the three counties are
included in this group. The acreage in this group is approximate]y 18.7%
of the sampled acreage‘iﬁ the three counties.

Clusters 5, 9 and 10 dbminate the grouping by combining to provide
an explanatory group for 72% of the cropland in the sample. If Cluster 8
is added to these groups, 84.3% of the farm land will be in four clusters.

These four clusters have some significant characteristics in common.

Each is dominated by field crops,especially cotton. The groups have neither

large nor small average estimated gross revenues. Clearly, tree crops
(Cluster 1) and vegetable crops (Cluster 6) have higher estimated gross
revenues per acre. The average acreage of these higher revenue farms is
variable. The tree crop farms average only about 134 acres while thé vegetable
and grass farms of Cluster 6 average approximately 623 acres. Combined, however,
the farms of Clusters 1 and 6 represent only 2.5% of the samp]edbacres.

"~ Table 2 shows the farms of Pinal County are clearly more dependent
on field crops, especially cotton, and occur in the three dominant clusters

(5, 9, and 10). The sample shows that the farm structure of agriculture in

Pinal County is different from either Yuma or Maricepa County.




The farms with less than 160 acres are heavily concentrated in Clusters

1, 2,5 and 8 and 3 with 80.2% of these smaller férms occuring in these
clusters. These clusters haverno single characferistic that stands out.
C]usters 1, 2 and 3 have the lowest average farm size apparently caused

by the occurrence of numerous smaller farms in these groups. Cluster 2
picks up many of the smaller farms that concentrate on alfalfa production,
C}usfer 1 is obviously made up of small orchards; and Cluster 3 is

made up of farmers using more than 50% of their acreage in field crops
other than cotton. The average gross revenﬁe per acre for Clusters 2

and 3 is.relatively 10Q th]e the average gross revenue ber acre for
Cluster 1 is among the highest of the groups.

Statistical Comparison of Groups

Utilizing the data from the groups, the statistical tests described
in previous sections were used to determine if the clusters as derived.
mathematically were indeed different based on estimated total croppéd ’
acreage on each farm. |

The resuits of these tests, shown in Table 2, indicate that
several signiffcant differences améng clusters do exist. Cluster 10
which represents the very large farms is clearly different from all other
clusters. However, other differences are less pronounced. Cluster 2 is
clearly different from Clusters 4, 5, 6, 7, 8, 9 and 10. Cluster 2 farms are
chéracterized-as "100% Alfalfa" farms. Table 2 shows that 71.8% of the‘farms
in Cluster 2 ére 160 acres or less and almost two-thirds of the farms are in
Maricopa County. Farms from Maricopa County alsoc dominate Clusters 1 and 7,
characterized as "100% tree crops" and "50% tree crops," respective1y,
Hovwever, substantially fewer of the farms are 160 acres or less. The mean
farm size of Clusters 1 and 2 are smaller than for all other clusters.
These farms do not fend to have the high reverue crops as previously

suggested by some researchers.
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Cluster 2, the predominantly alfalfa farms, 1is statistically dif%erent
from Clusters 4, 5, 8 and 9 which could be Tlabeled "the major cotton growing
group." However, Cluster 3“thch consists predominately of other field
crop farms is‘statistica1]y different only from C]usters 9 and 10.. The
"major cotton growing group" is also different from Cluster 1 (although

Cluster 1 and 4 are not statistically different).

SUMMARY AND CONCLUSIONS

The approach‘in this ‘analysis is to allow the current structure to
speak for itself. The data of this study can never represent with complete
accuracy the total population of farms in Arizona. This study is undoubtedly
biased to some degree toward farmers who grow cotton on a major portion of
the cropland available to them. In Arizona farm structure has been
historically dominated by capital intensjve selection of enterprises.

The survey presented in this papef shows that the current farm structure
is not oriented to "small" scale production units. However; neither is
the concept of "gianf",‘corporate farms a reality.

The clustering shows that several groups of farm types and sizes exist
side-by-side. The largest farms representing 18.7% of the land sampled and
3.3% of the farm units sampled do not have the highest average gross revenue
per acre. In fact, a group of somewhat smaller farms have substantia1]y
higher gross }evenue per acre (C]uster 6). |

Ignoring the small tfeevgrowers who havé a substantial capital
investment and a 1ong-term\outlook, the productionkof specialty crops
(vegetables and melons; and grass seed) are concentrated in large farms

(Clusters 6 and 10). Farms with less than 1,000 acres concentrate in

the traditional field crops and cotton and, only, occasionally, and

in small acreages, grow the higher risk crops. The agricultural structure
examined in this study supports the hypothesis that larger farms can more

easily offset the potential risk of certain speciality crops with other




enterprises. The risk associated with these crops provide opportunities

for high incomes but with an equally high variability. Smaller farmers
who are either not as well financed or are more risk averse apparently
do not participate as often in such enterprises. In fact, Clusters 2 and 3
show that smaller farmers concentrate in field crops other than cbtton
since cotton requires a higher level of investment and management, and,

perhaps, more labor,

REFERENCES CITED

Anderberg, M. R., Cluster Analysis .for Applications, Academic Press,
New York, 1973 ’

Daniel, Wayné W., AEPTied Nonparametric Statistics, Houghton Mittlin Co.,
Boston, 1978

Forgy, E. W., "Cluster Analysis of Multivariable Data; Efficiency versus
Interpretability of Classifications", paper presented at the
Biometric Society meetings, Riverside, California, June 1965.

Siegel, S., Nonparametric Statistics for the Behavioral Sciences,

McGraw, Hill, New York 1956 -

Wade, J. C., R. S. Selley, and J. S. Baggs, "The 160 Acre Limitation in
Arizona", Ag. Econ. Newsletter No. 5, University of Arizona, April 1978.

Acknowledgement: The author would 1like to acknowledge the considerable
help of Roger Selley and Claire Lindberg in the research. The Arizona
Cotton Growers Association provided much help in collecting the data from
from the farm survey.




TABLE 1, Farm Characteristics Summary Data, 1977

Farms 160 acres or less Farms Greater than 160 Acres A1l Farms
Three Count Maricopa  Pinal Yuma Threa County Maricopa  Pinal Yura Three Count;
Maricopa Co. Piral Co. Yuma Co. Total County County County Total County County County Total

Nurber of Farms 61 8 14 83 1Al 79 52 272 .20 87 66 354
Cropland/Farm (Average) . 830 1026 978
" Percent of Sample ‘ . 90.8 78.8 , 76.6

% Income from on farm sources . ‘. . 90.1 89.4 88.6
(average)

Average Acreage by Crop

Cotton 41 (55) 40 (37) . 40 (49) 593 (57) 529 (64). 355 (35) 529 (54) - 429 (57) 484 (63) 28€ (35)

Alfalfa 24 (32) 18 (17) 25 (31) W (14) 53 (6) 381 (32) 155 (16) 110 (15) 49 (6) 268 (32)
Other Field Crops 4 (5) 38 (35) 9 (1) 197 (19) 205 {25) 129 (13) 186 (19) 139 (18) . 190 (25) 104 (13)
Stlage 0 (0) 0 (0) o0 7 () 1(0) o (0) 4 (0) 5 (1) 1(0) o0 (0)
Grass 1 (1) 0 (0) . 1(2) 2 (0) 1(0) 85(8) 18 (2) 2 (0) 0 (0) 68 (8)
Trees : 3(4) - 0 (0) 2 (3) 34 (3) 2.(0) 26 (2) 23 (2) 25 (3) 1(0) 20 (2)
Ornanentals 0 (0). 0 (0) , 0 (0) 1.(0) 1(0) o (0) 0 (0) 0 (0) 1(0) o (0)
041 Crops . 00 (0) 12 (1) ‘ 1(1) 24 (2) . 21 (3) 8 (1) 20 (2) 17 (2) 20 (3) 6 (1)
Vegetables . . 0 (0) 0 (0) 0 (o) 33 (3) 17.(2) 90 (0) 39 (4) .23 (3) 16 (2) 71 (9)
Misc. Crops 2 (2) -0 (0) » 1(2) 6 (1) 1 .(0) 2 (0) 4 (0) 5 (1) 1(0) 2(0)




TABLE 2 Analysis of Farm Clusters

Cluster Number

A 5 6 . 7 8

rarms

opa County 24 : , 68 7 26 4
County 3 30 0 4 5
County 12 12 4 12 3
cunty Total 39 20 16 110 .1 42 12
150 Acres .28 7 ) 27 1 10 4 0
1206 9282 8280 94G8 65010 5607 8437 33432 80324 510%6
55.6 71.8 35. 25.0 24. 0’ 9.1  23.8 4.7 0
.4 3.4 - . 3.5 23. 2.1 3.1 T 12.3 28.5 18.

Everage Farm ' en
Size (Acres) | 134 588 591 93 4258

Avarage Gross
Revenue {$000) 112 225 _ 436 2513

Average Gross :
Revenue{S/Acrd)584 696
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- EBars connect those clusters that were not found significantly different using the multiple
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