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Abstract
Efficiencies of Agricultural Credit Associations of the US Farm Credit System are
measured quarterly from 2005 through 2020. A slacks-based measure based on the direc-
tional distance function is used with non-performing loans included as an undesirable
output. This permitted efficiency scores to be measured by type of defined input or output.
Generally, most Associations were highly efficient, but there was deterioration in mean
efficiency over the years 2008–2018, a period of financial difficulties in the US agriculture.
Efficiencies of Associations that merged or consolidated were tracked before and after these
activities. Mergers and consolidations often led to increased efficiencies.

Keywords: efficiencies; Farm Credit System; non-performing loans; undesirable output
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Introduction

The Cooperative Farm Credit System (FCS) is an important source of credit for US farmers
with 31% of farmers’ loans originating from the FCS in 2017 (Key et al. 2019). Thus, the
performance of the FCS is critical for the US agriculture. However, unlike commercial banks,
there are few articles focusing on the efficiency of the FCS (Collender et al. 1991; Dang et al.
2014). These studies considered expense and income but did not include the role of non-
performing loans (NPLs) in efficiency estimation. Yet, the inability of farmers to repay loans
and interest was the cause of the two financial crises that the FCS historically experienced.1

Delinquency rates for the FCS have increased since 2015 because of the financial stress in the
farm sector (Key et al. 2019), which suggests that attention should be focused on loan delin-
quency and the resultant impact on the performance of the FCS.

The purpose of this paper is to measure the quarterly efficiencies of Farm Credit
Associations over a 15-year period with the undesirable output of NPLs included, to
see how efficiencies varied quarterly over that period, and to observe the impact of mergers
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and consolidation on efficiencies. We focus on the performance of the Agricultural Credit
Associations (ACAs) from the FCS from 2005 to 2020, since they are the primary compo-
nent of the FCS that directly make loans to agricultural and rural borrowers. Efficiencies of
individual Associations are calculated for each quarter over 2005 to March 2020. We use
data starting with the first quarter of 2005 for two reasons: loans differentiated by type are
only available after 2005 in the Farm Credit Administration (FCA) Call Reports, and all
government financial assistance to the FCS during the crisis of the 1980s was fully repaid in
2005. March 2020 was that last report available when this study began. Efficiencies are
measured using a slacks-based measure (SBM) based on a directional distance function
(DDF) introduced by Färe and Grosskopf (2010).

This paper is organized as follows: an overview of the US FCS with an emphasis on the
structure of the FCS today and the literature estimating banking efficiency with NPLs as
undesirable outputs, followed by a review of research on the merger and acquisition
(M&A) among financial institutions is presented in the “Review of literature” section.
The methodology of the model is presented in the “Methodology” section. The data
and variables are presented in the “Data” section. The empirical results are provided in
the “Empirical results” section. The final section is the summary and conclusion.

Review of literature

The US FCS
The Federal Farm Loan Act of 1916 established the Federal Land Bank, the first compo-
nent of the US FCS, with the Production Credit Associations and the Bank for
Cooperatives added in 1933 by the Farm Credit Act. Currently, the FCS is structured into
four banks with more than 70 Associations to serve all 50 states and the Commonwealth of
Puerto Rico. The banks raise money for Associations by issuing debt instruments on the
national money market. The Associations, in turn, have the authority to make loans
directly to borrowers such as farmers, ranchers, rural businesses, including cooperatives,
and rural housing. Over recent decades, the various types of lending entities of the FCA
were gradually merged into the ACAs, which became the main components of the FCS. In
the first quarter of 2020, there were 65 ACAs among the 73 Associations in the FCS (FCA
Call Report, March 2020).

The mission of the FCS is to provide credit and auxiliary services to the US agricultural
sector at minimal cost, subject to maintaining long-run viability. It is therefore important
to measure and monitor the performance of the FCS. That is the role of the FCA, which
collects quarterly financial data on each organization within the FCS. These quarterly Call
Reports are similar to the quarterly reports required of commercial banks. Although finan-
cial ratios are excellent tools to measure the financial performance of a financial institu-
tion, single ratios have limitations in measuring the overall financial health of an
institution. The efficiency measure used in this paper includes the role of all inputs
and outputs, and NPLs in measuring performance.

Collender et al. (1991) used the 1989-year cross-sectional data from Call Reports
collected by the FCA to measure the profit efficiency of the direct lenders
(i.e., Associations) of the FCS using standard data envelopment analysis (DEA).
Recent development of the agricultural credit system, as well as the development of
new measurement techniques, makes these results less pertinent today. Dang et al.
(2014) use the same data source but different years (2000–2011) to provide efficiency
measurement on the FCS Associations as well as banks using the stochastic frontier
analysis (SFA) approach.
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Neither paper considered NPLs in their efficiency computations. Yet NPLs do occur
and effect operations. A financial crisis occurred in the US agriculture in the early and
mid-1980s and the FCS incurred financial challenges. During 1985–1986, the FCS reported
net losses of $4.6 billion, which was the largest loss in the history of the FCS. To prevent the
possible financial collapse of the FCS, the system received financial funds from Congress to
weather this loss. These funds were fully repaid to the federal government by the end of
2005. Since 2015, the delinquency rates for the FCS increased because of increased finan-
cial stress in the farm sector (Key et al. 2019). This suggests that controlling the NPLs is
crucial to the health of the FCS.

Efficiency of financial institutions measured with NPLs
An early study of commercial banks by Drake and Hall (2003) considered the inclusion of
NPLs into an efficiency model as fixed inputs within the standard DEA model. This
approach does not separately measure or acknowledge the role of loan losses on bank
performance; instead, it simply treats the undesirable outputs as inputs. However, from
a production point of view, NPLs will not occur until after loans have been made, and
hence they should be modeled as by-products of loan production instead of inputs
(Fukuyama and Weber 2008). Also, from a technical modeling aspect, if bad outputs
are treated as inputs, both would be modeled as disposable (Färe and Grosskopf 2003).

The modeling of bad outputs has typically been casted for a manufacturing process
where pollution as the bad is produced during the same period as the desired output
(Sueyoshi and Goto, (2011). It is clear, however, that a bad NPL was not “bad” at the time
the loan was made, or it should not have been made. The non-performance occurs during a
later period. Yet inputs are used each period to service all outstanding loans, including
loans that become classified as non-performing. Thus, production of a NPL can occur
at any time, but with the use of inputs to prevent non-performance up to the period of
non-performance.

Park and Weber (2006) were the earliest research that measured banking performance
with undesirable outputs using the directional technology distance function introduced by
Chambers et al. (1996). However, this technique requires that the expansion ratios of the
preassigned directional vectors of inputs, desirable outputs, and undesirable outputs be the
same, and ignores the input and/or output slacks, and thus does not account for all the
inefficiencies of inputs and outputs. Therefore, based on the SBM introduced by Tone
(2001), Färe and Grosskopf (2010) introduced the DDF-based SBM, which is the model
we use in this paper.

M&A among financial institutions
M&A always attracts attention; these activities among financial institutions are no excep-
tion. Indeed, hundreds of merger studies emerged during and after the bank merger wave
in the US banking sector in the 1980s and 1990s. These merger papers can be classified into
two general themes: either analyzing the cause or the consequence.

Papers analyzing the cause of the merger wave often explain this phenomenon based on
general social background, policies, and regulations, by looking back at the history of
American banking. Broaddus (1998) states that the superficial reason for the bank merger
at the end of the last century was the removal of restrictions on bank branching, but
instead the single most important underlying force was the extraordinary advance in
communications and data processing technology during that period. Others uncover
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the determinants of mergers in a micro perspective by analyzing the characteristics of the
acquiring and target banks (Palia, 1993; Akhigbe et al. 2004).

Papers which focus on measuring the merger gains, mostly efficiency gains, include
Rhoades (1993), Shaffer (1993), Fixler and Zieschang (1993), and Berger and DeYoung
(2001). An extensive review of this literature of more than 150 papers published after
2000 was completed by DeYoung et al. (2009). This literature concludes that there are
three essential aspects that are often considered as measurements of the merger wave
consequences: managerial efficiency (especially input efficiency), scope (or scale)
economics, and geographic expansion benefits.

Similar to commercial banks, the mergers wave also happened in other financial insti-
tutions such as Credit Unions (CUs) and the FCS during those two decades. There were
few studies on CU mergers. Although the goals of CUs are usually different from that of
commercial banks, the procedures to measure mergers effects are similar. Fried et al.
(1999) measured the impact of mergers on CU service provision. Garden and Ralston
(1999) measured the x-efficiency and allocative efficiency effects of CU mergers, and
Bauer et al. (2009) measured the utility gains from CU mergers by defining the gains
as the improving rates offered for loans and deposits and the removal of risky CUs from
the industry.

Bogetoft (2012) discuss mergers or acquisition in a DEA setting to determine the hypo-
thetical gains which may occur from combining the outputs and inputs of various firms,
that is, potential mergers. This restructuring within a group of firms may have substantial
impacts on the performance at the sector level, which they call structural efficiency.
Bogetoft and Wang (2005) present a method to measure the potential gains from this
restructuring, although these processes might not actually occur, and the efficiencies after
actual mergers may be different. We have observations of actual financial institutions and
have the opportunity to measure actual efficiencies before and after mergers.

To our knowledge, there is no existing research which analyzes the causes or conse-
quences of mergers in the FCS. Although we will not address the question of causal infer-
ence, we do describe the patterns of computed efficiencies and size among Associations
with M&A activity.

Methodology

The goal of technical efficiency analysis is to determine whether, for any specific firm
observation, it is possible to simultaneously expand good outputs and/or contract inputs
and bad outputs. That expansion and contraction are done in reference to the set of all
firms which define the production set and thus the frontier or boundary of the production
set. There are a number of methods to operationalize expansion and contraction.

We use Färe and Grosskopf’s (2010) DDF-SBM specification to measure efficiency,
which is a non-parametric DEA-type model. Compared to parametric regression-based
models, the advantage of DEA-based models is that they essentially allow estimation of
unique efficiency by specified inputs, outputs, and NPLs. We also avoid the defects of
parametric measures, such as the requirement of assuming functional forms for both
the frontier and the distribution of efficiency (Neff et al. 1994). However, there are two
major issues with using DEA-based models. The first is that DEA models do not directly
include measurement errors in estimation. The second is that the data may represent a
sample from the population. The method introduced by Simar and Wilson (1998) allows
bootstrapping DEA estimates to address these issues and generate confidence intervals
around the point estimates. However, we use the entire population of Associations in
the FCS during each data period and thus have the entire population of Associations.
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In addition, the data used are from FCA Call Reports, which are collected for oversight and
monitoring. It is reasonable to assume that careful effort is expended in reporting these
data, with oversight and auditing by the FCA, with few measurement errors.

Endogeneity in production economics, where inputs determined by the decision maker
may be correlated with the error term, was first stated by Marschak and Andrews (1944)
and acknowledged in estimating firm-level production functions byMundlak (1961). Olley
and Pakes (1996) and Levinsohn and Petrin (2003) have developed approaches to alleviate
endogeneity, and endogeneity has recently been a discussion point in estimating SFA and
DEA efficiency (Corderoa et al. 2015). Endogeneity is an issue that we do not attempt to
address.

We measure input and output efficiencies of each Association for each quarter under
the current technology present each quarter and we do not measure technological change
over time. Technological change undoubtedly occurred in the FCS as in other financial
institutions, but efficiency measurement is our only interest. However, one reason an
Association may become less efficient is the failure to keep up with technology adopted
by other Associations. In addition, we are also interested in how overall Association effi-
ciency may have changed over time, which is explored by graphing.

Before specifying the measurement technique used, we specify the underlying produc-
tion technology toward which we measure efficiency. Assume we have i � 1; . . . ; I firm
observations, K inputs, M desirable outputs, and N undesirable outputs.

P : RK� ! P x� � � RM�N
�

where the output set P x� � is the set of all output vectors that could be produced by input
vector x. We define and specify variable returns to scale (VRS), which is reasonable for the
FCS given the wide range of sizes of the Associations. We allow the technology set to
change each quarter and efficiency is measured in reference to that technology set.

To include undesirable outputs into the model, assume that the desirable outputs are
strongly disposable, meaning that they can be disposed without cost:

y0; b0
� � 2 P x� � and y; b0

� � ≤ y0; b0
� � ) y; b0

� � 2 P x� �;
while the undesirable outputs, in addition to the desirable outputs, are weakly disposable,
which implies that disposing of them is not free:

y; b
� � 2 P x� � and 0 ≤ θ ≤ 1 ) θy; θb

� � 2 P x� �:
This model also assumes null-jointness in desirable and undesirable outputs:

y; b
� � 2 P x� �; and b � 0 ) y � 0:

“Null-jointness” was introduced by Shephard and Färe (1974), meaning that if no bad
outputs are produced, there can be no good outputs produced. Alternatively, if one wishes
to produce some good outputs, then there will be undesirable by-products, although
reducing undesirables will increase efficiency. In our case, the “null-jointness” assumption
requires that at least one of the ACAs has non-negative NPLs in the production possibility
set, which is met in the data.

With the specified assumptions above, the DDF-based SBM for each decision-making
unit (DMU) “o” for each time period can be written as follows.

αo � max
γ;µ;φ;zf g

γ1 � . . .� γM � µ1 � . . .� µN � φ1 � . . .� φkf g (1)
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Subject to

XI

i� 1

ziyim ≥ yom � γmeym; m � 1; 2; . . . ;M

XI

i� 1

zibin � bon � µnebn; n � 1; 2; . . . ;N

XI

i� 1

zixik ≤ xok � φkexk; k � 1; 2; . . . ;K

zi ≥ 0;
XI

i� 1

zi � 1; i � 1; . . . ; I

γm ≥ 0;µn ≥ 0;φk ≥ 0; m � 1; . . . ;M; n � 1; . . . ;N ; k � 1; . . . ;K;

where γ � γ1; . . . ; γM� �, µ � µ1; . . . ;µN� �, and φ � φ1; . . . ;φK� � represent the number
of units (one dollar in this case) by which outputs can be expanded, and inputs can be
reduced to reach the production frontier. Variables yom, bon, and xok are the mth desirable
output, the nth undesirable output, and the kth input of firm o, respectively. The zi,
i � 1; . . . ; I are the intensity variables of DMU i which permit the construction of convex
combinations of outputs and inputs. The assumption of VRS is imposed by the
constraint

P
I
i� 1 zi � 1.

The vector e � �ey ,eb,ex� � e1; . . . ; em; em�1; . . . ; em�n; em�n�1; . . . ; em�n�k

� �
≠ 0 is

defined as the directional vector. This model expands desirable outputs and contracts
inputs and undesirable outputs. There are usually two ways to define directional vectors.
One is to set e � �ey, eb, ex� � 1; 1; 1� � and interpret the solution values e as the net
improvement in terms of feasible increase in good outputs and feasible decreases in bad
outputs and inputs. The other is to define the direction based on the observed data, that
is, e � �ey , eb, ex� � yo; bo; xo

� �
, and hence the interpretation of e is the potential propor-

tionate expansion in desirable outputs and contraction in undesirable outputs and inputs.
Here we set e � �ey ,eb,ex� � 1; 1; 1� �. To impose the weak disposability assumption on
the undesirable outputs, equality is specified in the constraint for the contraction of the unde-
sirable outputs.

Data

Data were obtained from quarterly Call Reports collected by the FCA.2 Every institution of
the FCS is required to provide uniform reports of financial conditions and performance on
the last day of each calendar quarter. These Call Report quarterly data are available from
December 1984. However, for analyzing the outputs with more details and more precision,
we use data from the first quarter of 2005, when the loan amounts began to be reported by
differentiated loan type, to the first quarter of 2020 (March 2020), which provides infor-
mation from 61 quarters over the past 15 years. We focus on the ACAs. Although agri-
cultural conditions vary from region to region, all ACAs are subject to the same financial
standards. This means the reports have the same financial structure and are comparable
across Associations.

2Data can be downloaded at: https://www.fca.gov/bank-oversight/callreport-data-for-download.
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There are two main data approaches in the banking efficiency literature: the “produc-
tion” approach and the “intermediation” approach. The production approach considers
financial institutions as primarily producing services for account holders. In the interme-
diate approach, financial institutions are primarily viewed as intermediating funds
between savers and investors (Berger and Humphrey 1997). We used the intermediation
approach because the role of the Associations is the intermediation process of funds
between savers (security holders) and borrowers.

Based on the intermediation approach, we could use the service flow data or the stock of
financial value in the accounts. The former corresponds to the income sheet of accounting
statements, such as the interest and noninterest incomes and expenses. The latter corre-
sponds to the balance sheet of accounting statements, such as loans and deposits (Berger
and Humphrey 1991). We choose to use the service flow data, because it more correctly
represents the flow of inputs and outputs in a production framework, although few papers
do because service flow data are not usually available. Service flow data are available
because the Call Reports of accounting statements of the FCA include income flows such
as interest income from various assets and expenditures.

We treat the interest expense as a single variable input but differentiate the noninterest
expense into three inputs: employee and director salaries (labor), occupancy and equip-
ment expense (capital), and other noninterest expense. This results in four defined inputs:
interest, labor, capital, and other noninterest expenses.

Desirable outputs (good outputs) are interest income and noninterest income. The
loans made directly to agriculture are the dominant loan type, so we separate the loan
interest from the total interest income first and then differentiate it by three loan types:
agricultural production, agribusiness, and other.

Unfortunately, although loan amounts on the balance sheet are differentiated by loan
type, loan interest by loan type is not reported. Interest income is simply reported as total
interest from loans. Thus, to generate loan interest by loan type, the total interest income
reported by an Association is allocated across the loan types by the proportion of each type
of loan (i.e., agricultural production, agribusiness, and others) to total loans. This assumes
that the interest rate is identical across loan types. The alternative would be to use loan
values rather than interest as outputs, which would lead to the same empirical results.
Noninterest income is another variable in the set of total desirable outputs. This results
in four desirable outputs: interest income from agricultural production loans, interest
income from agribusiness loans, interest income from other loans, and noninterest
income.

The definition of NPLs varies across articles. Usually, articles include some or all
following terms: bankrupt loans (loans to borrowers in legal bankruptcy and past-due
loans by 6 months or more), restructured loans (the sum of past-due loans by 3 months
but less than 6 months and restructured loans), substandard loans, and doubtful assets
(Fukuyama and Weber 2008; Fukuyama and Weber 2009; Barros et al. 2012; Huang
et al. 2014; Mamatzakis et al. 2016).

We define the loan charge-offs, the allowance for losses charged-off on loans,3 as the
NPLs, and thus an undesirable output. Although our choice is different from other papers,
we argue that the charge-offs can be a reasonable proxy of NPLs. The first and most impor-
tant reason is that charge-offs in the Call Reports are differentiated by loan types. To be
specific, we have three types of charge-offs: charge-off from agricultural production,
charge-off from agribusiness, and other charge-offs, which are consistent with our loan

3Instructions for preparing the report of financial condition and performance required by the Farm
Credit Administration, 2020.
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types. Loan charge-offs differentiated by loan types allow us to understand the source of
the bad loans and measure their separate impact on inefficiencies. In contrast, loan losses
usually defined as undesirable output in other papers are not differentiated by loan type.
Second, the definition of “loan charge-offs” in the instruction to complete the Call Report
states,4 “loans that determined to be uncollectible and charged off from the allowance for
losses during the period.” Charge-offs are, therefore, considered uncollectible loans, and
Associations must use their allowance to write off or “pay” for these losses. This implies the
charge-offs indeed cause damage to the Associations, at least in that specific period.
Although charge-offs might be recovered in the future, the influence on efficiency in a
specific period no doubt exists, and the recovery rate of charge-offs, may be very low.

Loans that might be problematic but before being charged-off are loans past due. If the
loan status is “past due 30 through 89 days,” or even “past due 90 days or more,” then this
loan might be at higher risk and may become bad loans eventually. However, data on this
type of problematic loan are only available for a few Associations in our sample and
comprise a very small portion of all loans, so we do not include this type of problem loans
into the undesirable output set.

Summary statistics for the first and last periods are reported in Table 1. The number of
ACAs held mostly steady at 81 from year 2005 through year 2010 and then gradually
decreased to 65 Association through mergers and consolidations by year 2020. The number
of ACAs decreased over the past 15 years, while all the statistics of input and output variables
increased over time. This implies the average size of the Associations increased.

Figure 1 summarizes the changing trends of mean incomes, expenses, and charge-offs
over all quarters. The interest income and interest expense are large components of total
income and expense. Both went through a deterioration then recovery over 2008–2015, but
this was because of lower market interest rates instead of smaller quantity of loans and
bond participation over that period. In contrast, even with the low interest rate,
charge-offs were significantly higher from 2008 to 2015 compared to the other years over
this period, which is a notable forecast of the deterioration in the calculated efficiency
shown in the result section. We also observe that the noninterest income and expense fluc-
tuate periodically, but the apexes always occur in the last quarter of each year. We infer
that this is because of activities that occur during the last quarter of each year, such as
possible bonuses for employees and other yearend expenses. Overall, the quantity of each
type of income and expense increased over time.

Figure 2 shows the distribution of charges-offs differentiated by loan type in more
detail. It is clear that agricultural production accounted for the largest proportion of total
loans as well as charge-offs. We can also observe the loan losses went through a dramatic
increase during 2008–2015.

An interesting finding is that larger loan losses are more likely to occur in Associations
of small to medium size instead of large size (Figure 3). This might be because larger
Associations have better management to monitor loans as well as clients with better ability
to repay loans. Figure 3 also shows that as the expenses increase, receipts track above
expenses (the 45-degree line as reference). This might imply the return to scale is not
constant, which supports the VRS assumption in our model.

Empirical results

We measure technical efficiencies with NPLs of all the ACAs each quarter from the first
quarter of 2005 through the first quarter of 2020 using the DDF-based SBM model under

4Same as note 3.
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Table 1. Summary statistics of ACAs of the Farm Credit System (1,000 USD)

Variable

2005-Q1 2020-Q1

Obs. Mean Min. Max. Std. dev. Obs. Mean Min. Max. Std. dev.

Total assets 80 923,775 12,249 8,844,296 1,485,926 65 3,376,573 42,314 31,411,312 6,014,709

Total interest expense 80 6,557 59 74,056 11,146 65 16,171 206 146,017 28,243

Total noninterest expense 80 3,293 143 30,309 4,685 65 10,967 368 93,663 17,998

Salaries 80 2,112 96 19,098 2,906 65 7,143 223 62,249 11,767

Occupancy and equipment 80 255 6 3,542 494 65 745 9 9,627 1,571

Other noninterest expense 80 926 41 8,089 1,361 65 3,079 136 23,958 4,891

Total interest income 80 12,693 180 117,820 20,041 65 37,467 539 337,495 63,667

Interest income from the loan – Total 80 12,478 180 115,582 19,616 65 37,028 539 337,333 62,565

Interest income from the loan – Ag production 80 11,114 180 105,820 17,029 65 29,428 539 269,212 48,133

Interest income from the loan – Agribusiness 80 800 0 6,726 1,388 65 5,189 0 49,229 9,914

Interest income from the loan – Others 80 564 0 15,036 1,801 65 2,410 0 30,294 5,649

Other interest income 80 215 0 4,770 720 65 440 0 12,821 1,832

Total noninterest income 80 1,436 16 9,784 1,846 65 6,794 46 66,229 12,871

Charge-offs – Total 80 49 0 987 139 65 203 0 4,140 634

Charge-offs – Ag production 80 44 0 987 129 65 186 0 4,063 618

Charge-offs – Agribusiness 80 2 0 85 10 65 9 0 392 51

Charge-offs – Others 80 4 0 146 22 65 8 0 190 32

Note:We report the first and the last quarters in this table. All dollar amounts reported here are in thousands of dollars. The observation in the data in the first quarter of 2005 and 2020 should be 81
and 65, respectively. However, we drop two observations because there are negative numbers in a monetary variable (other noninterest expense).
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the assumption of variable return to scale using as the technology set the data from all of
the Associations for that quarter.

Slacks-based models are non-radial and cannot directly return expansion or contrac-
tion ratios as single value efficiency scores. The objective of these slack-oriented models is

Figure 1. Mean income, expense, and charge-offs of Agricultural Credit Associations of the Farm Credit
System by quarter. The line for mean charge-offs of all the ACAs through the quarters is relative to the left
y-axis. The other four lines are interest, noninterest incomes, and expenses, which are relative to the right
y-axis.

Figure 2. Charge-offs by loan type by ACA of the Farm Credit System. In each boxplot, the top and bottom
tails of the box are the maximum and minimum, respectively; the top and bottom edges of the box are the
first and third quantiles, respectively. The line in the middle of the box is the median. The y-axis scales are
different between the top and bottom graphs.
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to maximize the sum of slacks or distances of individual inputs and outputs from each
DMU to the frontier. Previous studies define the sum of the distances as the final efficiency
score, which can vary substantially and be difficult to interpret due to the different produc-
tion scales among the output and inputs. Hence, for results interpretation, we define effi-
ciency scores based on the original understanding of efficiency, that is, the ratio between
optimal value and observed value. For overall (revenue) or aggregated inputs, outputs, and
undesirable outputs, we define the efficiency scores (ES) as follows:

ESoverall �
observed revenue
optimal revenue

ESinput �
optimal input
observed input

ESoutput �
observed output
optimal output

ESNPLs �
optimal NPLs
observed NPLs

where “observed” is the actual quantity for each Association, and “optimal” is the quantity
that would place that Association on the frontier of the production set. These efficiency
scores are bounded over 0; 1� 	 where the value of one represents fully or complete efficient.

The estimation returns disaggregated efficiency scores by input/output/NPL, which is
too extensive to individually report in detail.5 We only show the efficiency by quarter on
two aggregated levels: the overall efficiency and the efficiency aggregated over inputs,

Figure 3. The scale of ACAs of the Farm Credit System and charge-offs. The dashed line is a 45-degree line.
Dots above the line represent total receipts greater than total expenses. The larger and darker solid dots
represent larger loan losses.

5Detailed efficiency scores are available from the authors.
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outputs, or NPLs. We then interpret the summarized results across Associations by period
and across periods by Associations, after which we show the results of M&As.

Efficiency scores across ACAs by period
We first summarize the efficiency scores by quarter, listing the mean scores of the
Associations and show their change over time. Figure 4 shows the mean of the
Associations of the overall efficiency of each period. There was an apparent deterioration
in mean efficiency scores over the years 2008–2018, a period of financial difficulties in the
US agriculture. Recalling the rising trend of the charge-offs during 2008–2015 shown in
Figure 2, we observe an obvious correlation between these patterns. Compared to the fall
back of the charge-off quantity in 2015, the recovery of efficiency seems slower, which did
not return to the previous level until 2018.

Note, however, the mean efficiency score only reflects the relationship among the
Associations in a specific period and under the specific production technology of that
period. The decrease in mean efficiency does not necessarily mean the production frontier
fell since efficiency is measured relative to the best-managed Associations each period
which defines the frontier. The lower the mean, the greater the gaps between the inefficient
and efficient Associations. Therefore, the deterioration implies that compared to those
Associations on the frontier, which may also have shrunk because of the financial diffi-
culties during those 10 years, other Associations performed even worse.

Mean aggregated input, output, and undesirable output efficiencies for each quarter are
shown in Figure 5. The input efficiency scores generally remain high, while the average
output and undesirable output efficiencies deteriorated during 2008–2018. This implies
that when the external environment becomes unfavorable, the management skills to
control input effectiveness remain high across Associations, but the management of
outputs, including undesirable ones, deteriorated severely for some Associations, widening
the gap between efficient and inefficient Associations and leading to decreased average
efficiency scores. This is a very different story compared to the history of financial insti-
tution merger waves that happened during the 1980s and 1990s, when most of the financial

Figure 4. Overall average efficiency scores of the ACAs of the Farm Credit System. The line is plotted by
averaging the point estimation of efficiency score of each Association.
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institution managers were seeking to improve input efficiency instead of output efficiency
(Broaddus 1998). The efficiency score of NPLs is lower than both inputs and loan outputs,
which implies that the better way of performing well and keeping a higher efficiency is to
focus on controlling the NPLs.

The specific outputs plotted in Figure 6 that lead to the management difficulties can be
ascertained by investigating the disaggregated efficiencies. This figure provides an overall
sense of which inputs and outputs are generally difficult to manage and can provide
managers with information to improve Association performance. For instance, among
all kinds of outputs, interest income not from loans (‘Income: other interest’) in
Figure 6 has the lowest average efficiency, implying the management skill on this type
of output varies across Associations. This may because Associations have greater expertise
in making and servicing agricultural and rural loans compared to managing short-term
investment funds.

Similarly, the importance of production efficiency of loans for agricultural production,
which is the largest loan type and a crucial income source of ACAs, is also shown in
Figure 6. The average efficiency of this loan production is relatively high, but its corre-
sponding NPLs efficiency is the lowest among the undesirable outputs. This implies that
the management skills to make loans for agricultural production are similar across

Figure 5. Efficiency scores for aggregated input and output of the ACAs of the Farm Credit System. For
each panel, the line is plotted by averaging the point estimation of efficiency score of each Association.
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Associations, while some Associations fail to control the NPLs associated with these loans.
Interestingly, this pattern is inversed for other types of loans. The ability to manage loan
efficiently for agribusiness and other loans varies across Associations, while the control of
their NPLs is quite similar. This may because compared to loans for agricultural produc-
tion, loans for other purposes are a smaller component of the loan portfolio and possibly
easier to monitor and control.

Efficiency with M&A
Efficiency variability and size of an Association are often associated with its continuity. We
define Association size as the mean of quarterly reported total assets and illustrate effi-
ciency by the mean and standard deviation of efficiency scores of each Association over
time. Figure 7 shows the relationship among the size, efficiency, and M&A activities of all
ACAs over the past 15 years.

Each solid dot in Figure 7 represents an Association. The position is determined by its
size and mean efficiency scores, and the diameter (standard deviation of efficiency scores)
refers to the variation of efficiency over time. The color of each solid dot reflects the conti-
nuity of the Association: whether the Association was merged or acquired into another
Association or continued with no M&A activity. Red solid dots indicate that neither
merger nor acquisition ever happened to that Association, green refers to the acquiring
Association, and blue indicates the target Association.

If the mean efficiency score of an Association is high and the standard deviation is low,
it performed well all the time (small solid dots at the top of Figure 7); while if the mean
efficiency score of an Association is low while the standard deviation is high, then this
Association’s performance varied over time (big solid dots at the bottom of Figure 7).
The bigger the dot, the more volatile the Association’s performance is.

Figure 6. Efficiency scores for disaggregated input and output of ACAs of the Farm Credit System. For
each panel, the line is plotted by averaging the point estimation of efficiency score of each Association.
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Most Associations have total assets between $1 billion and $32 billion. There are few
Associations with total assets less than $1 billion. Most of these small Associations merged
in the earlier periods and hence stopped reporting FCA Call Report (blue solid dots),
except for Delta (the red solid dot at the up-left corner in Figure 7). Many medium-sized
Associations never went through an M&A process. Others did not perform well and hence
merged into other, usually larger, Associations (blue from the left to green at the right).
Only a few of these medium-sized Associations were constantly efficient. When
Associations reach large scales beyond $32 billion, they are almost always efficient and
define the production frontier. These Associations gather at the upper-right corner of
Figure 7.

Efficiency results for Associations divided into the three groups based upon continuity
(no M&A, merger, and acquisition) are shown in Tables 2–4. Table 2 shows the aggregated
efficiencies in the first quarter of every other year of the representative Associations that
never experienced an M&A activity. Some Associations always perform well and are on the
frontier no matter whether large in size (e.g., Farm Credit Mid-America) or small in size
(e.g., Delta). Some Associations increased in efficiency over time, such as AgPreference,
while others became less efficient over time, such as Legacy Ag Credit. Northwest
Florida performed poorly during 2010–2014 and then returned to the frontier (began
efficient), while Midsouth improved from 2008 to 2012 and then experienced
decreased efficiency. Some poor performance periods for a usually well-performed
Association might be associated with an increase in NPLs. Northwest Florida is an example.

Figure 7. Size, efficiency, and M&A of ACAs of the Farm Credit System. Assets refer to the mean of quar-
terly reported total assets. The solid dot’s position (assets and mean efficiency scores) and size (standard
deviation of efficiency scores) refer to the scale and performance of the Association. The color of each
solid dot reflects the continuity of the Association (whether M&A or continuing). Red solid dots imply that
M&A or amend never happened to such Associations; green solid dots refer to the Associations that take
M&A or amend strategies; and the blue ones are merged or amended to other Associations (green).
105 thousand is 1 billion; 106:5 thousand is about 32 billion.
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Table 2. Efficiency of selected continuing ACAs of the Farm Credit System that never merged with nor acquired another association

Name Assets ($1,000) Eff. type Mean Std. Dev. 2006 2008 2010 2012 2014 2016 2018 2020

Delta 37,931 Overall 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Input 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

NPLs 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

AgPreference 197,024 Overall 0.59 0.30 0.26 0.31 0.49 0.46 0.55 1.00 1.00 0.59

Input 0.92 0.08 0.79 1.00 0.83 0.84 0.94 1.00 1.00 0.87

Output 0.89 0.09 0.91 0.78 0.88 0.91 0.86 1.00 1.00 0.98

NPLs 0.88 0.32 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Legacy Ag Credit 242,758 Overall 0.67 0.35 1.00 1.00 1.00 0.45 1.00 0.53 0.78 0.73

Input 0.96 0.05 1.00 1.00 1.00 0.94 1.00 0.95 0.97 0.93

Output 0.88 0.14 1.00 1.00 1.00 0.78 1.00 0.84 0.95 0.96

NPLs 0.75 0.41 1.00 1.00 1.00 0.01 1.00 1.00 1.00 1.00

Northwest Florida 370,609 Overall 0.69 0.39 1.00 1.00 0.48 0.18 0.56 0.46 0.66 1.00

Input 0.96 0.06 1.00 1.00 0.80 0.87 0.98 0.85 0.89 1.00

Output 0.89 0.15 1.00 1.00 0.94 0.80 0.86 0.80 0.92 1.00

NPLs 0.67 0.44 1.00 1.00 0.33 0.08 0.14 1.00 1.00 1.00
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Table 2. (Continued )

Name Assets ($1,000) Eff. type Mean Std. Dev. 2006 2008 2010 2012 2014 2016 2018 2020

Midsouth 746,320 Overall 0.83 0.18 0.60 1.00 1.00 1.00 0.66 0.58 0.51 1.00

Input 0.98 0.03 0.90 1.00 1.00 1.00 0.99 0.92 0.94 1.00

Output 0.95 0.06 0.94 1.00 1.00 1.00 0.85 0.83 0.80 1.00

NPLs 0.80 0.38 1.00 1.00 1.00 1.00 1.00 0.04 1.00 1.00

Farm Credit Mid-America 17,738,470 Overall 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Input 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

NPLs 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Note: Assets refer to the mean of total assets over the periods that a specific Association exists.
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Table 3. Efficiency of ACAs of the Farm Credit System before and after merging into a new association (Consolidation)

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Merge to Post-eff

1st Farm Credit Services 3,730,520 2017-Q3 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Compeer 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

AgStar 5,935,888 2017-Q3 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Compeer 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Badgerland Financial 2,762,270 2017-Q3 NPLs 1.00 0.62 1.00 1.00 1.00 0.58 1.00 1.00 Compeer 1.00

Input 1.00 0.97 1.00 0.97 1.00 0.93 1.00 1.00 1.00

Output 1.00 0.99 1.00 0.94 1.00 0.96 1.00 1.00 1.00

Overall 1.00 0.92 1.00 0.81 1.00 0.82 1.00 1.00 1.00

First Pioneer 2,648,733 2010-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Farm Credit East 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Western New York 897,612 2010-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Farm Credit East 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 3. (Continued )

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Merge to Post-eff

North Florida 475,412 2011-Q1 NPLs 0.98 1.00 0.01 0.03 0.09 0.05 0.07 0.28 Florida 0.61

Input 0.97 0.95 0.97 0.97 0.95 0.96 0.99 1.00 0.91

Output 0.82 0.81 0.74 0.70 0.74 0.73 0.58 0.59 0.91

Overall 0.42 0.35 0.00 0.00 0.15 0.02 0.00 0.00 0.63

South Florida 552,102 2010-Q4 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.03 Florida 0.61

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.91

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.91

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.63

Southwest Florida 263,559 2011-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Florida 0.61

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.63

Northern California 418,792 2014-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Golden State 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Chisholm Trail 224,439 2016-Q1 NPLs 1.00 0.38 1.00 1.00 1.00 1.00 1.00 1.00 Oklahoma AgCredit 0.87

Input 0.99 0.96 0.94 0.94 0.95 0.92 0.99 0.78 0.95

Output 0.83 0.76 0.78 0.68 0.78 0.74 0.71 0.78 0.90

Overall 0.64 0.50 0.51 0.33 0.47 0.46 0.44 0.32 0.73

(Continued)
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Table 3. (Continued )

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Merge to Post-eff

East Central Oklahoma 564,836 2016-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 0.73 1.00 1.00 Oklahoma AgCredit 0.87

Input 1.00 1.00 0.93 0.93 1.00 0.91 1.00 1.00 0.95

Output 1.00 1.00 0.87 0.84 1.00 0.73 1.00 1.00 0.90

Overall 1.00 1.00 0.60 0.58 1.00 0.44 1.00 1.00 0.73

Chattanooga 157,492 2012-Q3 NPLs 1.00 1.00 1.00 0.08 0.58 0.17 0.02 1.00 River Valley AgCredit 0.66

Input 1.00 1.00 1.00 0.92 1.00 0.89 0.95 1.00 0.93

Output 1.00 1.00 1.00 0.79 0.59 0.30 0.65 1.00 0.87

Overall 1.00 1.00 1.00 0.00 0.02 0.03 0.00 1.00 0.65

Jackson Purchase 275,374 2012-Q3 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 River Valley AgCredit 0.66

Input 1.00 1.00 1.00 1.00 1.00 1.00 0.88 1.00 0.93

Output 1.00 1.00 1.00 1.00 1.00 1.00 0.74 1.00 0.87

Overall 1.00 1.00 1.00 1.00 1.00 1.00 0.32 1.00 0.65

Note: Assets refer to the mean of total assets over the periods that a specific Association exists. The reason why there was only one ACA (Northern California) that was merged into Golden States was
because another merger was the Federal Land Bank Association of Kingsburg, FLCA. It did not belong to ACAs and hence was not included into our analysis.
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Table 4. Efficiency of ACAs of the Farm Credit System before and after being acquired by another association

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Acquired by Pre-eff. Post-eff

Grand Forks 677,524 2008-Q1 NPLs 0.07 0.25 1.00 1.00 1.00 0.09 1.00 1.00 AgCountry 1.00 1.00

Input 0.88 0.85 1.00 1.00 1.00 0.87 1.00 1.00 1.00 1.00

Output 0.97 0.96 1.00 1.00 1.00 0.89 1.00 1.00 1.00 1.00

Overall 0.58 0.45 1.00 1.00 1.00 0.47 1.00 1.00 1.00 1.00

United 1,209,971 2017-Q3 NPLs 1.00 1.00 1.00 1.00 0.12 1.00 0.73 0.36 AgCountry 1.00 1.00

Input 1.00 1.00 1.00 1.00 0.86 0.79 0.90 0.77 1.00 1.00

Output 1.00 1.00 1.00 1.00 0.86 0.94 0.83 0.86 1.00 1.00

Overall 1.00 1.00 1.00 1.00 0.54 0.57 0.53 0.36 1.00 1.00

Central Kansas 778,879 2008-Q4 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 American AgCredit 1.00 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Hawaii 82,122 2019-Q3 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 American AgCredit 1.00 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Heartland 985,846 2009-Q4 NPLs – – – – 1.00 0.08 1.00 1.00 American AgCredit 1.00 1.00

Input – – – – 1.00 0.94 1.00 1.00 1.00 1.00

Output – – – – 1.00 0.91 1.00 1.00 1.00 1.00

Overall – – – – 1.00 0.10 1.00 1.00 1.00 1.00

(Continued)
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Table 4. (Continued )

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Acquired by Pre-eff. Post-eff

Southwest Kansas 573,960 2017-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 American AgCredit 1.00 1.00

Input 1.00 1.00 1.00 0.86 0.82 0.90 0.88 0.64 1.00 1.00

Output 1.00 0.69 1.00 0.81 0.77 0.84 0.80 0.78 1.00 1.00

Overall 1.00 0.46 1.00 0.49 0.41 0.56 0.48 0.00 1.00 1.00

The Mountain Plains 1,058,005 2012-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 American AgCredit 1.00 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Southwest Texas 624,848 2006-Q4 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Capital Farm Credit 1.00 1.00

Input 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Maine 256,247 2014-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Farm Credit East 1.00 1.00

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

FCS Southwest 965,126 2015-Q4 NPLs 0.00 0.03 1.00 0.15 – 0.11 1.00 0.03 Farm Credit West 1.00 1.00

Input 0.68 0.98 1.00 0.96 – 0.83 0.64 0.72 1.00 1.00

Output 0.93 0.85 1.00 0.88 – 0.73 0.81 0.81 1.00 1.00

Overall 0.29 0.55 1.00 0.71 – 0.33 0.26 0.00 1.00 1.00

(Continued)
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Table 4. (Continued )

Name Assets ($1,000) M&A quarter Eff. type Pre-8 Pre-7 Pre-6 Pre-5 Pre-4 Pre-3 Pre-2 Pre-1 Acquired by Pre-eff. Post-eff

Sacramento Valley 736,507 2008-Q2 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Farm Credit West 1.00 1.00

Input 0.96 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Output 0.88 1.00 0.79 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Overall 0.53 1.00 0.38 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Texas Land Bank 449,236 2014-Q1 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 Lone Star 0.77 0.62

Input 1.00 1.00 1.00 0.99 1.00 1.00 1.00 0.95 0.98 0.93

Output 1.00 1.00 1.00 0.77 1.00 1.00 1.00 0.62 0.94 0.86

Overall 1.00 1.00 1.00 0.53 1.00 1.00 1.00 0.33 0.82 0.62

Valley 190,508 2009-Q1 NPLs 1.00 1.00 1.00 0.00 1.00 1.00 1.00 0.31 MidAtlantic 1.00 0.97

Input 1.00 1.00 1.00 0.87 0.89 0.94 0.93 0.97 1.00 0.99

Output 1.00 1.00 1.00 0.87 0.85 0.85 0.82 0.77 1.00 0.99

Overall 1.00 1.00 1.00 0.34 0.22 0.22 0.21 0.19 1.00 0.97

Louisiana Ag Credit 80,954 2010-Q4 NPLs 0.07 1.00 0.00 1.00 0.24 1.00 1.00 1.00 Southern AgCredit 0.65 0.87

Input 0.98 1.00 0.86 1.00 0.80 1.00 1.00 1.00 0.96 0.97

Output 0.87 1.00 0.85 1.00 0.83 1.00 1.00 1.00 0.89 0.93

Overall 0.38 1.00 0.04 1.00 0.06 1.00 1.00 1.00 0.64 0.83

Central Oklahoma 104,114 2014-Q4 NPLs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Western Oklahoma 0.61 0.58

Input 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.92

Output 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.83 0.78

Overall 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.51 0.46

Note: Assets refer to the mean of total assets over the periods that a specific Association exists. AgTexas FCS and Texas Farm Credit Services were also acquired, but not by ACAs. Hence, we did not
include them into this table.
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Table 3 shows the efficiencies eight quarters (2 years) before Associations merged
collectively into a new Association with a name change, with the post-merger efficiency
of the new Association. For example, in the third quarter of 2017, three Associations, 1st

Farm Credit Services, AgStar, and Badgerland Financial, merged into a new Association
called “Compeer.” Hopefully, the merger process brought the new Association, which is
larger than the merged Associations, to a higher performance position, that is, a higher
efficiency. However, the actual situations are more complex. For the Compeer example,
except for the Badgerland Financial, the other two Associations were originally on the
production frontier before the merger. Compeer remained efficient since its formation.
We can then infer that this merger helped Badgerland Financial improve its management
performance. However, there are also examples where the efficiencies of new Associations
did not improve compared to the pre-merger periods. Florida, Oklahoma AgCredit, as well
as River Valley AgCredit are examples of such cases. Looking closer at the efficiency scores
in the pre-merger periods, some of the former Associations performed much better than
others. Not surprisingly, the new Associations performed better than the worst former
Association but worse than the best former Association.

Different from merger, another activity often conducted by large Associations is acqui-
sition. Large Associations can expand their scale of operation further through this action.
Table 4 shows the efficiencies eight quarters (2 years) before an Association was acquired
by another Association, and the average efficiencies of the Associations that conducted the
Association pre- and post-periods. Notice that compared to a merger, the Associations that
conducted an acquisition were usually more stable and were always on the frontier no
matter the performance of the target Association. For instance, AgCountry, American
AgCredit, and Capital Farm Credit are examples among others. There are of course excep-
tional cases whose efficiency scores dropped after the acquisition. Lone Star, MidAtlantic,
as well as Western Oklahoma are examples.

Generally, the performance after acquisition seems better than performance with
mergers. This might be because the acquisition conducted by large Associations can help
improve the performance of the acquired smaller Associations if larger Associations have
higher management skills and have more resources to deal with short-run difficulties that
might financially challenge smaller Associations; while the merger usually happens among
several Associations of similar size, and their combination is a simple expansion of scale,
management skill might not experience any improvement during the merger process. Still,
as stated before, acquisition does not guarantee a better result. Associations could be less
efficient after acquiring others, even though the Associations that were acquired seemed
efficient before the acquisition. This shows that some Associations were able to successfully
subsume an Association regardless of the efficiency of the assumed Association, while
other Associations were not able to accomplish an effective transition with the same
success even if the assumed Association was efficient.

Summary and conclusion

The SBM based on DDF was used to evaluate the production efficiency of US ACAs over
the period 2005–2020, which allowed efficiency measurement by specified outputs and
inputs. Compared to previous studies of the US FCS efficiency measurement, which
ignored NPLs, we calculate with NPLs included.

Efficiency scores of inputs are steady and higher than that of outputs, implying that the
management skills required to control and monitor inputs are high and similar across
Associations, while controlling and monitoring of both good and bad outputs varied
considerably, especially during financial difficulties over the period 2008 through 2018.
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We analyzed the efficiency scores across time by Association and disentangle the rela-
tionship between the size and continuity of each Association. We find that the size and
production efficiency of an Association are associated with its continuity, through mergers
and acquisitions. The Associations with large total assets (more than $32 billion) always
perform very efficiently and thus operate on the production frontier. Associations with
large total assets are more likely to acquire other Associations. Associations of medium
size are not consistent in their performance, sometimes experiencing higher efficiency
scores, at other times lower scores. This might be why some merged with other
Associations or were acquired by larger Associations. We analyze the M&A behaviors
by showing the sizes and efficiencies of corresponding representative Associations before
and after the activity. We find that the M&A process can, to some extent, help small
Associations survive and solve short-run difficulties. There was also a chance that the
M&A might cause larger accepting Associations to experience a decrease in efficiency after
the acquisition.

To conclude, this research calculated the production efficiencies of the ACAs of the FCS
with NPLs modeled as an undesirable output. Although many relationships were uncov-
ered and results were discovered, there is still much to explore. For example, we observed a
distinct correlation between undesirable outputs and performance failure. The inefficiency
of the NPLs is correlated with M&A behavior. However, we did not investigate the causal
relationship. Another exploration could be measuring productivity change over time and
decomposing into efficiency and technological change.
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