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1 Introduction

Real net farm income in the United States has been declining slowly but
surely. Between 1948 and 2002, U.S. real net farm income decreased in
aggregate by about 2.2 Billion $1996 per year — see Figure 1. Yet for most
of this period, annual productivity growth was substantial [1, p. 1045].

This juxtaposition of declining net farm income and healthy productiv-
ity growth represents one element of the ‘farm problem’ [8, p. 62]. An
additional feature of the problem is that the economic well-being of farmers
and their families has been low, both in absolute terms and in relation to
non-farm families. This disparity has become less marked over time, but
the improvement has been due to growth in off-farm income, which has be-
come an increasingly important part of farm household income.? While the
income of farm and non-farm households has gradually equalized, the issue
of low net farm income remains prominent in the justification of various
policies designed to “ameliorate the farm problem” [8, p. 85].

The striking reduction in aggregate real net farm income illustrated in
Figure 1 does not take into account another well-known feature of U.S.
agriculture — the number of farms has also been steadily declining. In 2002
there were about 2.2 million farms in the United States, 3.4 million fewer
than in 1948 [18, pp. 34-35]. This exit of about 63,000 farms per year means
that any analysis of net farm income must allow for the effect of reductions
in the number of farms.?

!'The net farm income data are derived using price and implicit quantity data from
the U.S. agriculture production account (see the Data and Results section for details on
the production account data). The data do not include government payments that are
not specifically tied to the production of one or more outputs, i.e. decoupled payments.
These net farm income data are then deflated using the U.S. all-items CPI (base 1984-
1986, scaled to 1996). The deflated series gives an idea of the spending power of net farm
income over time.

2The proportion of total farm household income accounted for by farming income has
decreased significantly over time, from about 50% in 1964 to less than 30% in 1999 [14,
p. 4].

3Net farm income is often reported in aggregate and is an influential and highly pub-
licized statistic when about used to describe the health of the farm sector. Generally
speaking, average net farm income per operation is a secondary statistic, even though it is
probably a better indicator. See, for example, [16] or the ERS 2007 Farm Income Forecast
(obtainable at www.ers.usda.gov).
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Figure 1. Real Aggregate Net Farm Income,
United States, 1948-2002
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This analysis addresses the farm problem in two stages. First, changes in
nominal net farm income are decomposed into market price and productivity
growth effects. Bennet indicators provide the elements of price and quantity
change in this decomposition.

In the second stage, elements quantified in the first stage are related to
changes in the real implicit wage earned by the residual claimants, namely
farm operators and unpaid family members that work on the farm. This
makes it possible to show how productivity growth and market price changes
affect the economic well-being of the farm household.

The next section gives more precise definitions of net farm income and
the residual claimant. The third section outlines the methodology used to
decompose nominal net farm income growth and the method used to relate
this decomposition to changes in the real implicit wage. Data used for the
computations and results from the decomposition are presented in the fourth
and fifth sections respectively. The last section provides some concluding
comments.

2 Net Farm Income and the Residual Claimant

Net farm income (NFI) is defined by the United States Department of Agri-
culture, Economic Research Service (ERS) as the “share of output earned
by operator households and others who share risks” [7, p. 4] — ‘others’
means other households, corporations and other entities that may be resid-
ual claimants. If the others component does not play an important role in
the distribution of NFI, then the residual claimants are operators and un-
paid family members. As Hottel and Gardner put it, this is the ‘essence of
family farming’.*

The ERS definition provides the basis for NFI measurement within the
context of a production account for agriculture. In the account, the revenue
from all agricultural outputs equals the cost of all inputs. This means that
profit, in the usual sense of the word, will always be zero in the account.
To ensure that the equality of cost and revenue holds, the price of one or
more inputs must adjust; the prices for these ‘residual claimant’ inputs are

1See [11, p. 553]. The authors nevertheless choose equity capital as the residual
claimant. Their approach is generally consistent with analyses of returns in the non-
agricultural sector, where capital is the residual claimant and the cost of capital services
is measured as the gross operating surplus in the national accounts [6, p. 5].



thereby endogenously determined.® Both the total value and the unit value
of the residual will depend upon the claimant — if owners of land were the
residual claimants, the return to these owners would usually be different
from that to owners of another input (e.g. machinery).

In the computations made here, only operator and unpaid family labour
will be treated as the residual claimant — this is consistent with the ERS de-
finition of NFI. The methodology developed in the next section nevertheless
allows for more than one residual claimant, so that an analyst can choose
the residual claimant or set of claimants without being bound by the one
chosen here.

3 Methodology

The approach taken in this section is to first establish the manner in which a
change in nominal NFI growth can be decomposed into output price change,
input price change and productivity growth components. Then the decom-
position of the real implicit wage is specified.5

Suppose that, in each year, N inputs are used to produce M agricultural
outputs and that there are H < N residual claimants. Suppose also that
observations on the prices and quantities of all of these inputs and outputs
are available. Use the following notation: output prices in year ¢ are the
variables p1 ¢, p2t,...,PMmt, Where each price includes any subsidy that is
tied to production of that output.” Transfer payments made to farmers by
governments — i.e. payments that are are decoupled from production — are
not included in prices p1¢,poy,. .., PMmt, nor do they appear in the definition
of NFI used here.®

>This endogenous rate of return approach is “the most widely used methodology” for
the computation of total (multi) factor productivity statistics [17, p. 14]. Typically,
the residual claimant input is one or more productive capital assets. In this case, the
endogenous variable is the rate of return, which adjusts to ensure that total revenue
equals total cost [17, pp. 3-4],[13, pp. 13-14].

SThe methodology outlined here need not be restricted to net farm income. It could
just as easily be related to net income for any firm or sector — the key is that one or more
inputs have an endogenous price or endogenous rate of return that ensured equality of
revenue and cost.

TOutput ‘price’ may be a price index or a unit value (e.g. $/tonne). Output ‘quantity’
may be an actual quantity (e.g. 000 tonnes of wheat) or an implicit quantity obtained
by dividing the nominal value of output by a price index.

8 These payments may, however, play an important role in determining the farm house-
hold’s overall income from farming activity, the decisions made by the operators his/her



Gross output quantities are the variables y1¢, 42, . .., ynm . Gross output
is defined, for any commodity or commodity aggregate i, as total sales of
1 plus net additions to inventories. Sales of ¢ include consumption of farm
output by farm households, and sales made by farms to purchasers outside
of the farm sector.

Input prices are the variables wq ¢, way, ..., wWN—H,t , Where each price
includes any rebate that is given for that input; input quantities are the
variables 1,4, T2¢, . .., tN—m ¢ Inputs are ordered so that inputs 1,2,..., N —
H have explicit prices, i.e. these are not residual claimants. When there is
only one residual claimant, the inputs are ordered so that the N*" input is
that residual claimant.

Total revenue is the sum of the values of individual outputs, i.e. Ry =
Pt -y, where py is the 1 X M vector [p1¢,pag, - -, pmt] and y¢ is the 1 x M

vector (Y1, Y2, - - - Ymt] . Production cost for all but the residual claimant
input(s) is the sum of the expenditure on each of the N — H inputs, i.e.
Cy = wy - x¢, where wy is the 1 x (N — H) vector [wi ¢, way, ..., wN—m¢] and
x¢ is the 1 x (N — H) vector [z1¢,T2¢, ..., TN—H{] -

Nominal NFI in year ¢, denoted by Fj, is the difference between the total
value of agricultural output, Ry, and the cost of all inputs in the account —
excluding residual claimant(s) — Ct. So

Fy=pt -yt — wi - xq. (1)

The change in nominal NFI is measured as:

F¢=F —F ;. (2)
This means, substituting (1) into (2), that

FE =[Pt -yt — Pro1- Y1) — [We- X¢ — W1 - X¢—1] - (3)

The first term in square brackets on the right-hand side of (3) is the
change in total revenue between year ¢ — 1 and year t. The second term in
square brackets is the change in the cost of all inputs — excluding residual
claimant(s) — between year ¢t — 1 and year t.

family members regarding on-farm and off-farm work (i.e. labour supply) and decisions
about entry into, or exit from, farming.



The difference in value (revenue or cost) between year ¢t—1 and year ¢ can
be expressed as the sum of price change indicators and aggregate quantity
indicators for the commodities or commodity aggregates produced or utilized
[4, p. 313]. There are several possible formulas for these indicators, and their
properties can be assessed with a range of tests similar to those used to assess
conventional index number formulas like the Fisher Ideal price index. Of the
candidates, the Bennet price and quantity change indicators fulfill all of the
properties needed to meet the requirements of ‘well-behaved’ indicators [4,
p. 331, Prop. 2].

The decomposition of the change in revenue between year t — 1 and year
t can be expressed as the sum of the Bennet indicators of output price and
output quantity change [4, pp. 313-314], i.e.

Pt Yt —Pt—1 - Yi—1 = Ir (Pt, ¥t, Pt—1, yt—1) + (4)
Ve (Pt,Yt:Pt-1,Yt-1)

where
M

In (Pe:Ye:Pe1:Ye1) = ) Uiy (Pig — Pig—1) (4a)
is the Bennet indicator of aggregate output price change;
yir = Wit +yie-1) /2

is the arithmetic average of the quantity of output ¢ in year ¢ and year ¢t — 1;

M

VR (Pt ye,Pe-1,¥e-1) = Y 0l (Yiz = yie—1) (4b)

is the Bennet indicator of aggregate output quantity change; and
piy = (it +Pit-1)/2
is the arithmetic average of the price of output i in year ¢ and year ¢t — 1.
A change in the cost of all inputs — excluding residual claimant(s) —

between year ¢ — 1 and year ¢ can be decomposed in a similar manner:

WX — W1 X = Lo (WX, Wy, X1) + (5)

Ve (Wi, Xt, W1, X4-1)



where
N—-H

I (Wt,Xt7Wt—1=xt—1) - Zj:l

z7 (Wi — wjg—1) (5a)
is the Bennet indicator of price change for the aggregate of all but the

residual claimant input(s);
2t = (Tje + xj0-1) /2

is the arithmetic average of the quantity of input j used in year ¢ and year

t—1;
N-H

Vo (Wi, Xe, Wy_1,X¢-1) = Z

i Wi (e — i) (5b)

is the Bennet indicator of quantity change for the same aggregate; and
wiy = (Wi +wjs-1) /2

i.e. this is the arithmetic average of the price of input j in year ¢ and year
t—1.

Substitution of (4) and (5) into (3) gives the following decomposition of
a change in nominal NFT:

EG =Ir (pt7Ytapt—17yt—1) —Ic (Wt,Xt,Wt_l,Xt_l) +PFPGt7 (6)

where

PF PG, = [VR (pt,yt,Pt-1,yt-1) — Vo (Wt, Xty Wi_13 xtfl)] (7)

is partial factor productivity growth. The formulas for the price change
indicators in (6) are given by (4a) and by (5a). The formulas for the quantity
change indicators in (7) are given by (4b) and by (5b).

Expression (6) shows that a change in nominal NFI between year ¢t — 1
and year ¢ can be decomposed into three parts: (i) the change in the output
price component; less (ii) the change in the input price component; plus (iii)
partial factor productivity growth. All of the components are measured in
nominal dollars — this means that the productivity measure PF PG, is the
dollar value contribution to nominal NFI from partial factor productivity
growth.

Note that expression (6) is the same as that for a single Bennet indi-
cator of overall quantity change when production is cast in a net output



framework — see [5, pp. 5-6]. Expression (6) is also much the same as the
expression for the decomposition of profit given in [12, pp. 32-33], once the
gross productivity and scale impacts given there are combined and terms
are eliminated. With the decompositions in [5] and [12], however, the mea-
sure of productivity change is TFPG, rather than PFPG, since profit is the
dollar amount of revenue in excess of the opportunity cost of all inputs.
Where owners of firms pay a wage or salary to operators (e.g., as in a cor-
poration with common shareholders), such ‘pure profit’ can exist, since it is
disbursed as dividends to the owners once all inputs are assigned a price in
the firm’s accounts. To measure the change in returns to a residual claimant
or claimants, and to decompose this change, expression (6) is therefore more
appropriate than the decomposition formulas in [12] or [5].

Similar decompositions to (6) can also be found in [9] and in [15]. These
studies, however, not only allow for pure profit, but also treat the change in
net income as the ratio of net income in year ¢ to that in year t — 1, i.e. they
use the ratio F;/Fi—1 — see [9, p. 3] and [15, p. 4]. Finally, an approach
similar in spirit to (6) was applied in [3], but in relation to a measure called
‘normal income’.

The measure of productivity growth (7) is partial because the indicator of
input quantity change excludes the change in use of the residual claimant(s)
input. Partial factor productivity growth (PFPG) can be related to other
productivity measures such as labour productivity growth and total factor
productivity growth.

When there is only one residual claimant (the N** input), the implicit
price for this input is estimated as:?>10

® As noted earlier, in analyses of the non-agricultural sector, capital is often the residual
claimant. In this case, the residual can be related to a cost of capital formula and thereby
used to compute an ‘internal rate of return’ — see [10, p. 346],[13, p. 14].

10The real implicit wage need not be positive. For example, the data presented in Figure
1 show that real NFI was negative over the period 1981-1984. An interpretation of this
is that, over this period, operators and their families, acting as farm-household members,
received a ‘negative wage’ from the labour they supplied to their farms — in reality this
means that they had to use other forms of farm-household income to meet the cost of the
other N —1 farm inputs, and that they also received no wage at all. It would appear that
even this form of subsidization of the farm by farm families was insufficient to prevent the
exit of many farms. Although bankruptcy data for this period do not exist, there is little
doubt that farm bankruptcies were very common in the U.S. between 1981 and 1984. The
early to mid-1980’s have been referred to as the “second episode of concern about farmer
bankruptcies in the 20th century” [18, pp. 13], i.e., that in terms of farm financial stress,



w{\f,t =F/xng (8)

Where this N** input is operator and unpaid family labour, zy; is the
quantity of labour (measured as hours of work) supplied to the farm by the
operator and his/her family members, and w][\]’t is the implicit wage that
they receive. In other words it is the ‘take-home pay’ from the labour that
they supply to the farm.

To compare movements in w{v’ , over time, the implicit wage must be con-

verted into real terms, using an appropriate deflator. Deflation of wjl\,’t with
a consumer price index (CPI) allows the wage to be related to its spend-
ing power in purchasing consumer goods to be used by the farm household.
Define the real implicit wage as

wis = (Fi/he) Jang (9)
where Ry is a CPI (with base year b, where hy = 1).

To link the decomposition (6) to changes in the real implicit wage (9),
first note that the change in the real wage between any two years ¢t — 1 and
tis

Wi = (Fy/hy) Janye — (Fio1/he-1) [ong-1 (10)

Expression (10) can be related to FC in (6) as follows. Add Fy—1/ (htwnt) —
Fi_1/ (lexnt) to the right-hand side of (10) to get

Wi = B /hyeng — B/ hean— (11)
[(Fio1/ (i i—1) — Fi—1/ (hyr ng)]

Note that

Fi1/ (hng) = wily g (hecazng—1) / (heang) -

With this equivalence and some rearrangement, (11) can be re-expressed as

this period was second only to the years immediately following the Great Depression.

The subsidization of farm operations by the farm household appears to have been im-
portant in other years as well, although this is not evident from the aggregate data. For
example, in 1997, 60% of farm households appear to have made net contributions to the
farm business [14, p. 34].



w}’\thG = FtG/ (htl’N,t) —wzj\f}ﬁq [1— (he—1/Ny) (ZFN,t—l/iL“N,t)] . (12)

The first term on the right-hand side of (12) is the change in nominal
NFI between ¢t — 1 and ¢, converted into real dollars per hour of operator
and unpaid family labour supplied in year ¢ — this can be viewed as the
incremental change in the real implicit wage due to a change in nominal NFT.
The second term on the right-hand side of (12) — the ‘CPI-hours factor’ —
captures the effect on a change in the real implicit wage from changes in
the CPI (inflation) and from changes in the number of hours supplied to
the farm by the operator and his/her family. The ratio h;_q/h; is less than
one when there is positive inflation; when there is no change in any other
right-hand side variable, this means that the real implicit wage decreases.
Similarly, when the ratio xn¢—1/xn,; is less than one, the operator and
family members that work on the farm have increased their labour input.
Again, when there is no change in any other right-hand side variable, this
increase in hours of work means that the real implicit wage is lower than it
otherwise would have been.

The relationship between the decomposition of a change in nominal NFI
and changes in the real implicit wage can now be determined. Substitute
(6) into (12) to get:

Wi = Ir (P, 1, Pr—1,¥t-1) / (hewn,e) — (13)

Ic (wta X¢, Wy 1, Xt—l) [ (hyx ) + PEPGL/ (hhan ) —
Wity [ = (heo1 /) (Tng—1/Tn )] -
There are four components to this decomposition. These components are,
in real dollars per hour: (i) an output price change component; (ii) an
input price change component; (iii) a partial factor productivity growth
component; and (iv) a CPI-hours component.

10



4 Data

The data are comprised of M = 10 outputs and N = 7 inputs, for the years
1948-2002. The outputs and inputs (with indicator numbers) are listed
in Table 1. Nine of the ten outputs are aggregates of commodities and
commodity groups that are broadly representative of the crops and livestock
composition of U.S. agriculture. The tenth — secondary output — refers
to output that is not agricultural in nature, but that is produced using
the farm’s resources. Examples would be machine and labour services and
recreation services (tours, etc.). Further details about both the output and
the input data definitions are given in Appendix A.

Of the seven input aggregates, the last (the V' th) is operator and unpaid
family labour. Inputs 1-6 are the ‘N — H’ inputs, and these cover the
main input categories: ‘capital excluding land’ (machinery, buildings and
other non-land capital); ‘land’ (a quality-adjusted measure of land input);
hired labour; farm-produced inputs (agricultural outputs that are also used
as inputs, for example feed produced and used on the farm); purchased
materials (from outside the agricultural sector, such as feed concentrate,
fuel, etc.); and purchased services (custom harvesting, veterinarian services,
etc.).

The series p; 4,9, ¢ (i = 1,2,...,10), the series w;;, 7,4 (j = 1,2, ...,6), the
series x7, — the hours of operator and unpaid family labour — and the series
h: (CPI) are given in Appendix A, Table Al and Table A2 — these series
comprise the raw data.

Both output and input mix in U.S. agriculture changed substantially
between 1948 and 2002. To illustrate this, it is helpful to create Fisher ideal
implicit quantity indexes for crops and livestock, using the five individual
crop aggregates (i = 1 — 5) and four individual livestock aggregates (i =
6 —9) respectively. A third quantity index, that for all outputs, provides the
denominator. Denote the crop quantity index as yf , the livestock quantity
index as y/ and the total output quantity index as 3. Estimation of log-
linear trends with the ratios y<" = v/, ¥y = yF/ye and ¥ = y104/ 0t
indicate that the livestock output share fell by about 0.4% each year between
1948 and 2002.11

"' These growth rates were estimated using an exponential trend equation of the form
In(yf")=a" 4+ 8"t — where k = C,L, S). Since autocorrelation was present in all three
equations, a first-order autoregression was estimated for livestock and secondary output,
and a second-order autoregression for crops.

11



Table 1. Output and Input Coverage in the NFI Decomposition Database

OUTPUTS

INPUTS

Crop Aggregates

1. Grain and Forage Crops
2. Industrial Crops
3.Vegetables

4. Fruits and Tree Nuts

5. Other Crops'

Livestock Aggregates

6. Meat Animals

7. Poultry and Eggs

8. Dairy

9. Miscellaneous Livestock

Other Aggregates
10. Secondary Output?

. Capital excluding Land
. Land

. Hired Labour

. Farm-Produced Inputs®
. Purchased Materials*

. Purchased Services

NN kR W N~

"Horticulture, potatoes and fruit, vegetables produced using farm resources but consumed by the

farm family.

2 Output from activities that are not related to crop or livestock production and that use the farm’s

resources to do this. Examples are value-added activities such as packaging/processing and the

provision of services related to agricultural production, such as custom harvesting.

3 Agricultural outputs that are produced on farm but also used as inputs, for example feed

produced and used on the farm.

* Purchased from outside the agricultural sector.

12
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Over the same period, there was no statistically significant change in the
share of crops, but the share of secondary output grew by about 1.6% per
year. These results indicate that there were substantial changes in compo-
sition of agricultural output over the period, with livestock activities giving
way to crops and to secondary agricultural outputs.

A similar analysis of input/output ratios captures the degree to which
input intensities have changed both between inputs and over time. KEsti-
mated coefficients from log-linear trend equations show annual reductions
of input intensities for capital (-1.0%), land (-2.4%), hired labour (-3.7%),
farm-produced inputs (-1.9% ) and services (-0.6%), while the intensity of
purchased materials actually increased at an average annual rate of about
0.4%.12:13 Together with the results for outputs, these calculations show
that the composition of U.S. agricultural output and the mix of inputs used
in production has changed substantially since the late 1940’s. While this is
a well-known fact, these figures lend precision to the generality that ‘things
have changed’.

The raw data are used to derive F;, F;_1, and FtG, to calculate the arith-
metic means y;; , p; , for each i and the arithmetic means 77, , w’} for each j.
Due to the lag needed to compute changes, all these derived data (other than
Fio4g) cover the years t = 1949,1950, - - - 2002. These data are then used with
the raw data to compute values for the Bennet aggregate output and input
price change indicators — Ir(pt, ¥t, Pt—1,yt—1) and Ic (Wt,xt,wt,l,xt_l)
respectively — and the Bennet aggregate output and input quantity change
indicators Vg (pt, ¢, Pt—1, yt—1) and Vg (Wt, Xt, Wy_1, xt_l) respectively. The
nominal implicit wage w%}t is computed using the derived series F} along with
the series x7; and 7y; the derived nominal implicit wage series is then used,
along with the raw and other derived data to compute the growth in real

implicit wage w! ¢ series.

12The same method used for output trends is employed here. Since autocorrelation
was present in the equations for all inputs, first-order autoregressions were estimated for
all six inputs and second-order autoregressions were estimated for capital and purchased
materials. Note that the mean of annual growth rates and the estimated compound growth
rate is similar to the estimated trend rate in all cases.

13 These results can also be related to partial factor productivity growth rates, where
H = 1 in each case. Average annual partial factor productivity growth rates by input
were as follows: capital, 1.0%; land, 2.2%; hired labour, 3.6%; farm-produced inputs,
1.8%; purchased inputs -0.6%; purchased services, 0.4%. Only purchased inputs displayed
negative partial productivity growth.

13



Figure 2 presents the derived real implicit wage between 1948 and 2002.
In contrast with real net farm income, the real implicit wage did not display
a noticeable trend; on average, it decreased by only 6 cents/hour each year.
There was, however, substantial year-to-year variation — variability around
the mean real implicit wage of $8.31/hour can be divided into five distinct
sub-periods (see Figure 3). For 1948-1964, 1980-1985 and 1999-2002 the
average real implicit wage was consistently below the mean, at $6.29 /hour,
-1.76/hour and $5.43 /hour respectively. In the two sub-periods 1965-1979
and 1986-1998, the average real implicit wage was consistently above the
mean, at $11.98 and $12.28 respectively. These five sub-periods, since they
so clearly define ‘above-average’ and ‘below-average’ income performance,
will be useful in summarizing the decomposition results that follow in the
next section.

Based on these data, farm income — expressed as a real implicit wage
— has shown a lack of growth, but has not displayed the steady decline
indicated by the aggregate net farm income data (as illustrated in Figure
1). This suggests that a re-phrasing of the farm problem is needed, relative
to the language used in the Introduction. In particular, it may be more
appropriate to express the farm problem as ‘a lack of growth in the real
implicit wage, in spite of positive productivity growth’, and to analyze the
data in this context.

5 Results

Together, the raw and derived data described above provide all of the infor-
mation needed to compute the decomposition (13) for the period 1949-2002.
The results of these computations are summarized in Table 2 — the complete
results are given in Table B1.

The data in column (A) of Table 2 are average values for the derived
series w%ffG. The series in columns (B)-(E) are average annual values for
series derived using (13), with the following concordance:

(B) IR(F’t:Yth—let—l)/(hth,t) ;

C) —I¢ (Wtaxtuwtflvxtfl) / (ht-TN,t) ;
(D) PFPG,/(lryy) 5 and
(

E) —wif i [1— (he—1/he) (xng—1/an0)] -

14
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Figure 2. Real Implicit Wage for Operator/ Unpaid
Family Labour, U.S. Agriculture, 1948-2002
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Figure 3. Deviations of Real Implicit Wage from 1948-
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So the sum of the series (B)-(E) equals series (A), where differences are
due only to rounding.

The results — all are average annual changes measured in 1996 dollars —
show that the contribution of PFPG to the change in the real implicit wage
for the whole period 1949-2002 was 64 cents/hour, while the output price
change component was 75 cents/hour. Both of these effects, however, were
negated by the input price change component, which was -$1.36/hour, and
to a small negative CPI-hours factor of -9 cents/hour.!* Market conditions
therefore worked against PFPG in elevating the real implicit wage.

The sub-period results in Table 2 illustrate the degree to which there
was variability in the relative magnitude of the three main components,
depending upon the direction of change in the real implicit wage. Over the
1949-1964 sub-period, output prices decreased — the output price change
component was -19 cents/hour — and so, even though the CPI-hours effect
was positive, and there was modest PFPG, the real implicit wage fell by 3
cents/hour. For this sub-period, then, the crucial element was the decreased
output price.

During the second sub-period, 1965-1979, the real implicit wage in-
creased; an important part of this was the positive output price change
component. The PFPG component was about three times that in the first
sub-period as well. The input price change component was large but, even
with the negative CPI-hours component (due to CPI inflation) this only
partially offset the output price change and PFPG components.

Between 1980 and 1985, PFPG, at $1.79 /hour, was much higher than
in the previous sub-period, but the output price change component, while
positive, was only 29 cents/hour. Together, these components were insuf-
ficiently large to offset the input price change and CPI-hours component
together.

In the fourth sub-period, 1986-1998, the PFPG component was much
smaller than in the previous sub-period, but at 83 cents/hour, still higher
than that in the first two sub-periods. This did not translate into a similar
increase in the real implicit wage, which increased by 54 cents/hour, because

MWith few exceptions, there was an annual reduction in the hours of operator and
unpaid family labour over this period and an annual increase in the CPI for all but two
years. So the negative effect of the CPI-hours component can be fully attributed to CPI
inflation.
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the output price change component was only about half that of the combined
effect of the input price change and CPI-hours components.

Between 1999 and 2002, the real implicit wage fell by -$1.59/hour. Al-
though the PFPG component was smaller than in the two previous sub-
periods, at 63 cents/hour it was still larger than that in the first two sub-
periods. A key reason for the decrease in the real implicit wage was the neg-
ative output price component — at -65 cents/hour, this amplified the effect of
input price change (-$1.31/hour) combined with the CPI-hours component
(-16 cents/hour).

Figure 4 summarizes the results by sub-period, comparing the PFPG
component with the change in the implicit wage for each period. These re-
sults demonstrate that the contribution made by PFPG to the real implicit
wage has been substantial, and, although varying between sub-periods, gen-
erally increased over time. If one were to look solely at the PFPG numbers,
one would expect to find non-trivial growth in the real implicit wage over
the same period. Instead, that growth has not occurred; as illustrated in
Figure 4, PFPG effects have either been muted (as in the first and fourth
sub-period) or negated (as in the other three sub-periods).

The largest factor driving this result is the input price component. In
3/5 sub-periods, this component was negated or nearly negated the output
price components. And, in the other two sub-periods, this the input price
component amplified the negative effect of input price changes on the real
implicit wage.

Given the importance of input price changes in the relationship between
the real implicit wage and PFPG, the question arises: which were the most
important elements to this input price change component?

The calculations underlying the results, namely the individual Bennet
indicators of input price change, provide the answer.!> These data show
that the price change indicator for land generally exceeded those for other
inputs. Since the cost of land in the U.S. production account is determined
by the opportunity cost of capital, a large part of the negation of PFPG
effects came from increases in the bond rate.

15The individual input price change indicators underly the results in column (C) of
Table 2 and of Table Bl. The interested reader can derive these using the data in Table
A2 and expression (5a).
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Purchased materials generally accounted for the second-largest input
price change indicator, in spite of only modest price increases for this input.
This price change aspect of the indicator is important and is a characteristic
of the methodology — see (5a). It is possible to have a relatively large price
change indicator for any input, even if there is only a small price change,
providing that the quantity used is large enough. This is especially true
if the input use is increasing — as the trend analysis in the previous sec-
tion indicated, purchased materials was the only input used with increased
intensity over the 1949-2002 period.

The third most important Bennet indicator of input price change was for
hired labour, which generally ranked behind land and purchased materials
but ahead of the remaining inputs. When these effects for labour are com-
bined with those for land and purchased materials, over 71% of the average
overall Bennet indicator of input price change is accounted for.

6 Conclusion

One objective of this analysis has been to find reasons for an apparent para-
dox and one element of the ‘farm problem’, namely that productivity growth
in U.S. agriculture has been accompanied by a decline in net farm income
(before direct payments). Adjustment for the number of hours worked by
operators and unpaid family members shows that the real implicit wage to
their labour has been fairly stable between 1949 and 2002. Nevertheless,
observed partial factor productivity growth has not led to increases in this
wage that would be expected. A Bennet decomposition of growth in the real
implicit wage indicates that market price changes have been an important
factor in this lack of income growth from productivity improvements.

The results obtained here suggest that the accepted wisdom — namely
that agricultural productivity growth is key to the sector’s prosperity — has
not taken into account the effect of output and input market price changes
that happen at the same time. These price changes may amplify, mute or
negate potential income gains due to productivity.

In essence, the consequences of productivity growth for net farm income
cannot be evaluated only in a partial manner (i.e. holding all prices fixed).
While this analysis does not address the possible relationship between pro-
ductivity growth and movements in output and input prices, it is probable
that there is a link, i.e. that the two elements are not independent of each
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other. For example, adoption of a higher-yielding variety both by U.S. farm
operators and their international competitors may lead to lower international
prices. Similarly, demand for inputs created by new productivity-increasing
varieties may raise the price of those inputs.

The questions posed by this analysis regarding the relationship between
productivity growth and net farm income growth will hopefully stimulate
debate on the subject. The other aspect of the analysis — use of the Ben-
net decomposition methodology — may also lead to greater interest in this
straightforward but powerful tool for economic analysis.
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Appendix A. The Data

The data for the aggregates listed in Table 1 were obtained from Eldon
Ball (Economic Research Service). While the output and input variables are
documented in [1] and at the ERS web site!, the main features of the data
are reiterated here.

The output data underlying the aggregates used here cover over 100 com-
modities and commodity aggregates. Output for each commodity was derived
as the quantity sold to the non-farm sector plus net additions to inventory and
consumption by farm-households. Net additions to inventory reflect any use
of the commodity within farm and transactions between farms (e.g. grain for
feed), since this consumption is assumed to be drawn out of opening stocks;
thus, output is measured in gross rather than value-added terms. Price data
for each of these commodities was then used, along with the quantity data,
to compute Fisher Ideal indexes for the ten aggregates listed in Table Al.

‘Capital excluding Land’ is an aggregate measure of capital services from:
(i) automobiles, trucks, tractors, other farm machinery; (ii) farm structures
(excluding residential) and (iii) crop/livestock inventories. Capital stocks for
the various items in (i) and (ii) were constructed using investment data and
a hyperbolic decay formula. User costs for these items were also constructed
based on the formula corresponding to hyperbolic decay, which includes the
investment deflators and opportunity cost of capital.

‘Land’ is a quality-adjusted quantity and price index. The quantity index
was constructed using land area and value data for agricultural districts
across the United States. The price is an ex ante real bond rate.

‘Hired Labour’ is a quality-adjusted quantity and price index for hired
agricultural labour. Changes in the quality of hired labour over time were
accounted for using cross-classifications based on characteristics such as age
and education. A quantity index for hired labour was then computed using
the cross-classified data — the aggregation method gives greater weight to
an hour of labour from an employee with a higher marginal product (wage)
than one with a lower marginal product. The price index was then computed
implicitly as the ratio of total expenditure on hired labour to the quality-
adjusted quantity index.

1See the web page www.ers.usda.gov/data/ AgProductivity /methods.htm.
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The ‘Farm-Produced Inputs’ aggregate is a Fisher Ideal index computed
using farm use data for each of the 100 or so outputs produced. These data
include seed and feed that are drawn from opening stocks and used on-farm.

The ‘Purchased Materials” and ‘Purchased Services’ aggregates are also
Fisher Ideal indexes constructed using data for a variety of materials and ser-
vices purchased from businesses outside of the agricultural sector. Purchased
materials include feed, seed and fertilizer purchased from agricultural input
suppliers. Purchased services include veterinary services, custom machine
services and equipment leasing,

The final input category, ‘Unpaid Operator and Family Labour’ is the
total hours of unpaid work that operators and their families supplied to their
farming enterprises. These data are not used when computing the input cost
components of the Bennet decomposition, but do provide the denominator
in (10) when computing the real implicit wage to operator and unpaid family
labour and in computing the ‘CPI-hours inflation factor’

The hours of operator and unpaid family labour are also taken from the
ERS database. The CPI data are from the United States Bureau of Labour
Statistics (BLS). The input series, hours of operator/unpaid family labour
series and the CPI series are given in Table A2.
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