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Gauging the Economic Importance of
Mississippi Agricultural and Natural Resources

T. Eric McConnell

Mississippi’s agricultural and natural resources commodities were studied and ranked by
seven economic indicators for 2019. Four were direct effects of operations—
employment, farm gate receipts, gross value added, and final demand sales; two were
economic multipliers for gross value added along with a value added, base export
multiplier; and the economic export base contributions. Six different commodities
occupied the number one ranking for at least one indicator. Broilers and eggs (total
receipts and employment) and soybeans (final demand sales and economic base
contributions) were commodities that repeatedly ranked first. Mississippi’s base
economic contributions from agriculture and natural resources totaled $2.22 billion.
Three commodities—cotton, horticultural plants, and broilers and eggs—were key to
bringing new money into the state, while others provided support to downstream
processors and manufacturers, as well as other commodities. Across all indicators,
soybeans, cotton, timber, broilers and eggs, and catfish were state leaders.

Key words: Economic Contributions, Export Base, Farm, Forestry, IMPLAN, Value
Added

A recent report to the U.S. Congress found Mississippi possessed the most concentrated
bioeconomy in the United States (Golden et al., 2015). The state’s agricultural and
natural resources complex—farming, forestry, fishing and wildlife, service providers,
along with downstream processors and manufacturers—supported 113,900 jobs and
returned $8.40 billion in value added on sales of $26.4 billion in 2014 (Henderson et al.,
2016). Farm-gate receipts surpassed $7.0 billion in 2019 and an early projection placed
the 2020 value at $7.35 billion (Mississippi State University, Division of Agriculture,
Forestry, and Veterinary Medicine (MSU DAFVM), 2021).

In Mississippi, farms are still largely family-owned with 95% of the state’s 34,700
enterprises falling into this category (Bigelow, Borchers, and Hubbs, 2016; MSU
DAFVM, 2021). Forestlands are predominately owned by nonindustrial private forest
landowners, but over one-fourth of Mississippi’s productive timberland acreage is
maintained by institutional corporate ownerships (Oswalt et al., 2019). Many of the
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state’s commercial fishers are single-firm enterprises' (Posadas, 2015). Fee-access
hunting has become an established market, particularly among large-tract landowners, in
Mississippi. Bottomland hardwoods along the Mississippi River command a premium
lease rate (Hussain et al., 2007). Collectively, farming, forestry, fishing, and hunting
account for approximately two to three percent of Mississippi’s economy (IMPLAN
LLC, 2020a).

Policy decisions, unfortunately, often result in winners and losers. Limited funding
means a dollar allocated to assist agriculture is one not provided to oil and gas. Similarly,
funding a crop initiative leaves less dollars for backing similar programs that could
support retention and expansion among the livestock community. Ordinances restricting
transportation to maintain road and bridge quality can produce unintended consequences
that adversely affect supply chains for some on-farm commodities, such as timber
(Gilliland et al., 2003). Policymakers, therefore, pursue statistics regarding commodity
value and industry size to gauge economic importance when seeking to define their
region’s profile or guide development strategies (Cooke et al., 2015). Producer groups
and trade associations also rely on these data when formulating policy positions. This
knowledge becomes critical intelligence when one commodity clientele group must
jockey for significance among other industries (Waters, Weber, and Holland, 1999).

The objective of this work was to highlight seven statistics representing the value, size,
and contributions of 19 Mississippi commodities. Background is provided on the
economic metrics, some of which are relatively easy for users and practitioners to
comprehend. Others are more complex in their derivation. The commodities’ rank
positions were then established for each indicator, as this information is often requested
by interested parties. Because a product’s rank according to one indicator can vary
significantly from that of another indicator, two measures of center, the mean and
median, were calculated from these ranks. The indicators discussed were not intended to
be exhaustive, but rather to highlight economic importance across multiple perspectives.

! Family ownership implies the farm operator and relatives own the majority stake in the farm business.
Nonindustrial private forest landowners can include individuals, families, hunting and fishing clubs,
nongovernmental organizations, non-corporate trusts, and estates (Oswalt et al., 2019). While individuals and
families often incorporate farms and forest operations for business and legal purposes, they are not considered
corporate in the sense of owning land to supply raw materials for a processing plant. Institutional corporate
owners from a forestry perspective include timberland investment management organizations, real estate
investment trusts, and forest products manufacturing firms. A single-firm enterprise is one business comprised
of only one establishment with only one predominant activity.
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Background

Commodity value and industry size can be determined in several ways. Four such
statistics essentially provide “headcounts” regarding size. Each has its own strengths and
weaknesses. Employment provides an accounting of jobs for the area of study. Jobs are
often equated to people; however, one individual can hold multiple jobs.? Farm gate
receipts are gross sales analogous to industry gross output. While gross output is
relatively straightforward for clientele to understand, gross output is a duplicative statistic
that, unfortunately, plagues the agriculture and natural resources complex. For example,
totaling the outputs of lumber and stumpage (standing timber) counts the timber’s value
two times (McConnell, Tanger, and Henderson, 2019). A similar analogy can be made
for feed crops and livestock, where the feed crops’ outputs serve as inputs for livestock
production (McKeever and Howard, 1996). Gross value added measures income
accumulated along each production step and guards against the double-counting that
often occurs with output (Pelkki and Sherman, 2020). Final demands, or final outputs, is
a less-used statistic by practitioners. It describes exogenous sales, or industry sales
resulting from the demands of buyers located beyond the region of interest’s boundaries
(i.e., importers). Sales to final users provide the basis for economic activity within a
region (Watson et al., 2015).

Beyond the farm gate are allied industries that depend on agricultural and natural
resources production to generate demand for their businesses’ outputs. The allied
industries, in turn, create demand for their suppliers’ outputs. These series of exchanges
continue until local enterprises are no longer able to meet local demand. The supply chain
linkages over many rounds of transactions create a multifaceted economic network of
buyers and sellers, whose activities are collectively instigated by meeting the final
demands for agricultural and natural resources products. The economy-wide
contributions agriculture and natural resources provide across all industries are often
greater than straightforward direct measures by a factor of two or more (Golden et al.,
2015).

More comprehensive and computationally expensive statistics are required, though, to
describe the supply chain linkages discussed above. The procedure in matrix format
simultaneously tracks purchased inputs, when read down columns, and output sales,

2 Some agencies, like the Office of Management and Budget, seek to overcome this limitation by instead
reporting full-time equivalents (Jennings and Nagel, 2020), but full-time equivalents are a less-reported statistic
in the popular literature on this topic. Examples from forestry can be found at
https://www.forestryimpacts.net/reports. To the author’s knowledge, these state reports do not report forest-
based employment in full time equivalents.
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when read across rows. Following a series of mathematical steps, the resulting
“multiplier” matrix equates to an inventory of connectivity shared between industries and
the outputs they produce. Each cell of the matrix describes the output from industry i
needed as input to produce one dollar of column commodity j output. This connectivity
provides industries, producer commodity groups, and other stakeholders both breadth and
depth regarding their positions and roles in driving economic activity.

The catalyst for intraregional activity was described by Waters, Weber, and Holland
(1999) as basic, i.e., driven by final demands from buyers located outside the study
region. Basic activities bring new money into the region via exporting. Sales of basic
goods and services subsequently trigger additional activities backward through the
economy in support of the original basic endeavor. This new money allows businesses to
purchase goods and services, pay incomes and taxes, and support jobs. Cotton purchased
by a gin is the farmer’s sales. The farmer, in turn, purchases seed, fertilizer, fuel, and
pesticides for the upkeep of the farm. Employees of both the gin and the farm spend
portions of their earnings on local goods and services, such as groceries, health care, etc.

However, some of those new dollars also leave the state to purchase inputs from other
regions or countries to fully satisfy the demand generated by the initial export sale. A
new harvester for the farm may be purchased from an overseas manufacturer. Perhaps the
tractor’s diesel fuel was refined elsewhere or an employee’s mortgage is held by an out-
of-state bank. Eventually, the new money’s exit from the state, or leakage, due to
purchasing imports is complete. The support provided to the economy by the export sale,
or the base contributions, are the sum of the locally linked activities generated across all
industries over all rounds of spending.

Methods

For the State of Mississippi, agriculture farm-gate receipts data (commodity value at the
first point of processing) for 2019 were obtained from the U.S. Department of
Agriculture (USDA) Quick Stats (2021) for the following commodities: broilers and
eggs, catfish, cattle, corn, cotton, hay, hogs, horticultural plants, milk, peanuts, rice,
soybeans, sweet potatoes, tree fruits and nuts, vegetables, and wheat. Production values
in 2019 for Mississippi commercial freshwater and saltwater fish along with wild game,
pelts, and furs were taken from IMPLAN, an economic impact analysis system (IMPLAN
LLC, 2020a). Timber values for 2019 were obtained from the Mississippi State
University Extension Service Harvest of Forest Products report (Auel, 2020). This report
calculates timber volumes from state timber severance tax receipts and subsequently
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values the timber product output based on price data collected throughout the year from
sales reported by forestry clientele.

Farm and natural resources employment figures were recorded from the Quarterly
Census of Employment and Wages (QCEW) provided by the U.S. Department of Labor,
Bureau of Labor Statistics (2021). The QCEW employment data are sourced from
mandatory reporting by businesses regarding unemployment insurance along with firms
that provide the Bureau data (USDL, Bureau of Labor Statistics, 2021). The QCEW data
“represent the number of covered workers who worked during, or received pay for, the
pay period that included the 12th day of the month. Covered private-industry employees
include most corporate officials, all executives, all supervisory personnel, all
professionals, all clerical workers, many farmworkers, all wage earners, all piece
workers, and all part-time workers...QCEW excludes proprietors, the unincorporated
self-employed, unpaid family members, [and] certain farm and domestic workers from
having to report employment data...” (USDL, Bureau of Labor Statistics, 2021,
Handbook of Methods, p. 3). As stated earlier, 95% of Mississippi’s farms are family-
owned and unincorporated, and over 21,000 farm owners listed farming as their primary
occupation in 2017 (USDA, 2019). This means QCEW data will most likely always
undercount agricultural- and natural resources-based employment. Another issue is
disclosure concerns that prevent open access to much of the agricultural QCEW data
reported at state and local levels.

Additional employment data were recorded from two proprietary databases. IMPLAN
(2020a) constructs regional models using either national trade flows or econometric
regional purchase coefficients, though the trade flows approach is more commonly used
by analysts (Joshi et al., 2017). Gross output is the model’s basis, and employment is
derived from its relationship to output by using QCEW as one of the sources. IMPLAN’s
data are largely available to the North American Industry Classification System’s
(NAICS) 4- or 5-digit level. Economic Modeling Specialists International (Emsi) pairs
QCEW data with national staffing patterns from the Bureau’s Occupational Employment
Statistics to develop regionalized job counts statistically by industry (Emsi, 2020). Both
IMPLAN and Emsi attempt to account for non-QCEW jobs. This includes those who
identify as self-employed and what Emsi terms “Extended Proprietors,” which can
include certain farms and tax-exempt nonprofit cooperatives. While Emsi reports natural
resources jobs data, it limits its agricultural-related data to the equivalent of the 3-digit
NAICS 111 “Crop Production” and 112 “Animal Production.” Thus, employment was
obtained from both IMPLAN and Emsi for these two aggregated sectors, plus a combined
natural resources sector (timber, fresh- and saltwater fish, and wild game, pelts, and furs).
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The QCEW employment data for Mississippi were largely available to the 6-digit
NAICS level. Where data were suppressed, they could be derived by subtraction from 4-
digit NAICS codes to obtain a missing commodity’s data. This enabled the parsing of
IMPLAN and Emsi data using shares calculated from QCEW. The QCEW employment
shares were calculated by dividing employment for each commodity by total QCEW
employment for either crop, animal, or natural resources employment as appropriate. The
QCEW shares were next multiplied by Emsi’s and IMPLAN’s 3-digit employment
figures for crop, animal, and natural resources. The midpoint between the IMPLAN and
Emsi weighted averages was considered employment by commodity for Mississippi in
2019.

Gross value added was calculated based on its share of industry output in the IMPLAN
database, which was then multiplied by the farm-gate receipts data for each commodity.
Value added here was considered in gross terms because it was based on gross output of
commodity sales. Value added is composed of labor income (employee compensation
plus proprietor income), other property income, and taxes on production and imports, less
subsidies (TOPI).? As an example, value added payments comprised 91% of oilseed
farming’s total commodity output. That share was multiplied by the value of production
for soybeans to arrive at that commodity’s gross value added. An important note is that
gross value added collectively was negative for the grain farming industry. Value added
can be negative because of its TOPI component when government payments to an
industry exceed the taxes collected from that industry that year IMPLAN LLC, 2020Db).
The USDA Economic Research Service’s (ERS) Farm Income and Wealth statistics
indicated $599 million in direct government payments were made in 2019 (USDA ERS,
2021), but this value was not parsed out by commodity. Final demand was calculated by
a two-step process. First, a final output share was calculated. This was a ratio of
IMPLAN’s final demand and industry output values. The final output share was then
multiplied by the commodity’s value of production obtained from USDA to estimate the
commodity’s final demand.

Economic multipliers were calculated on an industry by commodity basis. The
multipliers for each commodity represented the total economic change in Mississippi
resulting from a one-dollar change in final demand for that product. The total effects
gross value added multiplier is illustrated by Equation 1

1) MVGross = <v> (I'S)-l

3 Taxes on production and imports, less subsidies (TOPI) are taxes collected for governments by businesses.
They include sales taxes, excise, taxes, property taxes, severance taxes, motor vehicle taxes, along with
additional fees, licensures, and fines. Taxes on profits and income are not included.
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where Mvaross s the gross value added total effects multiplier matrix, <vc> is the diagonal
matrix of value added direct requirements, and (I-S)! is the output total requirements
matrix. The total requirements matrix captures both the indirect effects of supply chain
spending as well as the induced effects of households recirculating the labor income
portion of value added back to industries. Summing the respective commodity j’s column
of multipliers will provide the gross value added total effects multiplier for that
commodity.

Pre-multiplying Mvaross by a row vector of 1s, which is i’ in Equation 2, followed by a
post-multiplication by a diagonal matrix of commodity final demands <f> provided the
value added base contributions, v’, of a Mississippi commodity

2) Value Added Base Contributions = v’= 1" MVgyoss <f>
An adjusted, base export value added multiplier can be further calculated
3) MVBaSe = i’ MVGmss <Vc>-1 <fc> =v’ / A%

where Mvg,s is the base export value added multiplier, <vo>"! is the inverse of the gross
value added direct requirements placed along a diagonal, and <f> is the diagonal matrix
of final demands to the commodity receipts ratios. Thought of another way, the base
export value added multiplier is simply the ratio of value added base contributions
divided by gross value added v. The base export multiplier is a measure of dependency,
with an inflection point at 1.0. Commodities with an export base multiplier greater than
1.0 interact with the rest of the world at above-average levels. Those commodities with
export base multipliers below 1.0 minimize leakages from the economy, retaining dollars
within the state for further spending.

Results and Discussion

Agricultural and natural resources employment in Mississippi was 47,530 jobs in 2019
(Table 1). Employment ranged from 150 to 8,980 jobs across commodities. Broilers and
eggs was the leading employer, followed by cotton, timber, soybeans, and catfish
rounding out the top five (Table 2). Together, these products accounted for 60% of total
sector employment. Farm-gate receipts found two commodities—broilers and eggs along
with timber—each exceeding $1 billion (Tables 1 and 2). A second tier of agronomic
crops—soybeans, cotton, and corn—rounded out the top five. Together, the top five
products comprised 82% of total gross farm sales in the state.



Journal of Agribusiness

8 Spring 2021

[ [ = == 0 0ESTE 1 (0wIoes o [ it

w0 [ 000 0 i) WEHE w0 s o iG] &0 [5d R
ai 0T o) U0 &1 00EES KT 0IEN 31 000B9S 8% 0IET sy
] 00T fivigi} 98D o 0T T LIS %0 O0RCTER iz o SN PRSI 23]
au IR 1] G801 e WIEWE &L TS T 00B0TES i ;49 By
a1 06 o ] BT frad mies a1 TS BT 0 & i34 SRR
it 0SSR &L60 0T 16T oW 180 O0IESS ®L [Liie=rs o e sgig
80 0TS 0000 (e8] ©1 oS T R T [oiiicdred] (74 01 g
] 00788 o] BT 70 00TEEDSS R 133541 feai) s ] iird AT
0 00ES WD HECT £ L s R4 SO 1179 jrai} S i ] 6t m
W00 00RETS £31)] ey w0 wed U0 TETS 31} s TE0 o SH{pUR S1a] SR PR
3 0T e ik QR 11 [ S - 1 R 1111 741 160 0GRS 73 67 T [FARRH
ai e &9 T uo 0TF B 0TS &1 00ETSS it i3S Sy
it 00TEEHS o] BT g e @WT 00T fa7 WIS BE 114 g
&1 00CLF RS ST TI50 s e I LS & LB e 13 ey
K 0BT HI0 a1 33 00300 1T 0LgEn LI 0ETITES HE et T SRR U SR (AR
9% 00086 ey (8% a3 RS &9 0TS 6T {o00mews) 6% 081 wy
ar %R 10897 6760 Jis3 0TS LT 0vUET 129 0PSB LETS & &1 ey
ot 00T0ES {1701 T 643 [ S S 1191 i3 0T %3 ok D)
%8 0086815 fiiid /150 terd WETIET  @% (0EICT xL 00LIB RIS kit 0853 £ prsERy

OO I 2 7 ] a a 2
“mii ARy RGP RN IWGRAPY AN EOL PP M_M _Emm}m e imﬁm olmag sﬁﬂﬂa awwﬁé 4y wanindey wanindag —
Summg mng sER] 111244 &Y Srpmay

000'T§ 15 01 PRIMOY SAE) B0 SYOF T 4L 0 PP sape | WAmiogdirg 1 ‘SEINL 501G 0) TOUNGLING) 2R LAY P (EARqeTEE) SAIPOMID) s20m0sa [EAEN PR (RS KdsgssTyy np sty wnompar g T 4¢eL



McConnell Gauging Economic Importance of Mississippi Agricultural and Natural Resources 9

Table 2. Rankings of Mississippi Agricultural and Natural Resources C dities by E ic Indi s, 2019.

Value Added Total ~ Value Added Base Base

Ranking Empl t Value Added  Receipt Final Demand
amdng  Rmployment  Yalue Adde ecelpts A Demands  pfects Multiplier  Export Multiplier  Contributions

1 BroilersEggs Timber BroilersEggs Soybeans Catfish T Cotton Soybeans
2 Cotton Soybeans Timber BroilersEggs Hogs T Hortplants Cotton

3 Timber Cotton Soybeans Cotton Timber BroilersEggs Timber

4 Soybeans Catfish Cotton Timber Soybeans Soybeans BroilersEggs
5 Catfish BroilersEggs Corn Corn Fishing Milk Catfish

6 Hortplants Cattle Cattle Catfish Cattle Hay (T) Fishing

7 Vegetables Fishing Catfish Cattle Cotton Peanuts (T) Cattle

8 SwPotatoes Hay Fishing Fishing Hortplants SwPotatoes (T) Corn

9 Corn Vegetables Hay Hay TreeFruitNuts Fishing Hay

10 Hogs Hogs Vegetables Rice Hay (T) Cattle Hortplants
11 Hay SwPotatoes Rice Hortplants Peanuts (T) Hogs SwPotatoes
12 Cattle Hortplants SwPotatoes Vegetables SwPotatoes (T) Catfish Hogs

13 Fishing HuntTrap Hortplants SwPotatoes Vegetables Vegetables Vegetables
14 Rice TreeFruitNuts Hogs Hogs HuntTrap TreeFruitNuts Rice

15 TreeFruitNuts Peanuts Milk Milk Milk Timber Milk

16 Milk Milk TreeFruitNuts Peanuts Corn (T) HuntTrap Peanuts
17 Wheat Wheat Peanuts TreeFruitNuts Rice (T) Corn (T) TreeFruitNuts
18 Peanuts Rice HuntTrap HuntTrap ‘Wheat (T) Rice (T) HuntTrap
19 HuntTrap Corn Wheat Wheat BroilersEggs ‘Wheat (T) Wheat

BroilersEggs = Broilers and Eggs; Fishing = Commercial Fresh and Saltwater Fish; HortPlants = Horticultural Plants; HuntTrap = Wild Game, Pelts, and Furs;
SwPotatoes = Sweet Potatoes; TreeFruitNuts = Tree Fruit and Nuts. Ties are noted in parentheses.

Timber was the number one gross value added-producing commodity (Tables 1 and 2).
It was most responsible for keeping money in the state. Other top commodities in this
category included soybeans, cotton, catfish, and broilers and eggs. The perspective of
value added highlighted how employment and gross farm receipts may be misleading
statistics. Broilers and eggs fell from number one in farm-gate receipts to number five for
gross value added. Timber returned 69% of its gross farm value to the state as income,
while broilers and eggs only returned 7%. Value added as a percent of farm gate receipts
exceeded 90% for some commodities, including catfish and soybeans. Wheat, rice, and
corn produced negative gross value added due to the grain farming industry’s receiving
direct government payments that exceeded tax collections. Gross value added for
agriculture and natural resources in Mississippi summed to $2.56 billion. Final demands
totaled $2.75 billion (Table 1). The top five of soybeans, broilers and eggs, cotton,
timber, and corn comprised 80% of total final demands (Table 2). A great deal of
Mississippi farm and natural resource products’ final demands consisted of domestic and
foreign exports. This is a common occurrence for these commodities (Watson, Taylor,
and Cooke, 2008).

The value added total effects multipliers highlighted the linkages that commodities
possessed with other industries throughout the state (Table 1). Interestingly, broilers and
eggs, which was a state leader in terms of direct effects, possessed the least multiplier to
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other industries. Broilers and eggs only generated $0.32 of gross value added for every
dollar of final demand. This was likely owing to integrators supplying many growers with
the inputs they require from out of state. While corn, rice, and wheat generated negative
value added due to government payments, they did have a positive total effect on value
added for the state. Catfish produced $1.21 of total gross value added per dollar of final
demand. Catfish farming is locally concentrated in the Mississippi delta, with a smaller
pocket of producers found in the northeast. Many of the feed inputs needed by catfish
producers are procured from corn and soybean product outputs. Timber produced $1.09
of total gross value added for every dollar of final demand. Loggers and foresters tend to
cluster within the woodsheds of large forest products mills. Hogs and commercial fresh
and saltwater fish were two other commodities that generated more than one dollar of
total value added multiplier effects for every dollar of final demand.

Value added base contributions comprehensively capture the supply chain spillover
effects required to satisfy the final demands. Mississippi agricultural and natural
resources commodities generated $2.22 billion total value added economic base
contributions in 2019 (Table 1). The final demands for soybeans in conjunction with all
the backward linked goods and services required to produce soybeans for export made
soybeans the largest base-contributing agricultural commodity (Table 2). The other top
five contributors were cotton, timber, broilers and eggs, and catfish. All but one product
generated at least $1 million in total value added economic base contributions. Cotton
experienced the greatest relative increase in base value added contributions compared to
its directly generated percentage. Cotton’s base contributions comprised 18.43% of total
agriculture and natural resources contributions versus 10.29% in direct terms, which was
a difference of 79%.

The value added base export multipliers elucidated the degree to which Mississippi
was dependent upon commodities to bring new money into the state. Commodities
possessing value added base export multipliers greater than 1.0 can be considered as base
commodities (Table 1). Three commodities exhibited this quality—cotton, horticultural
plants, and broilers and eggs. Timber and catfish produced sizable value added
contributions for the state’s export base, but they were not considered base commodities
due to their export base multiplier being less than 1.0. This indicated these commodities
remain in the state for further downstream processing by manufacturers, which, in turn,
increases those industries’ economic multipliers. As suggested by transportation theory,
timber deliveries are constrained due to roundwood’s heavy and bulky nature. Generally,
this is within 100 miles. Logs are sold to local mills that convert them into wood and
paper products. Likewise, catfish processing plants are located near the farms (Hansen,
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Dean, and Spurlock, 2004). In Mississippi, it is these converted products that are
exported across the country and around the world.

Taken together, six different commodities occupied the number one ranking for at least
one indicator (Table 2, note catfish and hogs tied in one category). Soybeans and broilers
and eggs were the only repeat commodities to rank first. Soybeans led final demand sales
and value added economic base contributions, while broilers and eggs led employment
and total farm receipts. Across all indicators, soybeans achieved the higher average
ranking (2.71), followed by cotton (3.14), timber (4.43), broilers and eggs (5.00), and
catfish (5.71) (Table 3). Median rankings concluded soybeans, cotton, and timber were
leading commodities, all with median ranks of 3.00. Ranges between commodities’
rankings varied from as little as two places for wheat, to as many as 18 places for broilers
and eggs.

Table 3. Summary Statistics for Rankings by Seven Economic Indicators of Mississippi
Agricultural and Natural Resources Commodities, 2019. Commodities Sorted by Average Rank.

. Average Median High Low
Commodity Ranlf Rank Raﬁk Rank Range
Soybeans 2.71 3 1 4
Cotton 3.14 3 1 7
Timber 4.43 3 1 15 14
Broilers and Eggs 5.00 4 1 19 18
Catfish 571 5 1 12 11
Cattle 7.71 7 6 12 6
Commercial Fresh and Saltwater Fish 8.00 8 5 13
Hay 8.86 9 6 11 5
Horticultural Plants 8.86 10 2 13 11
Sweet Potatoes 10.14 11 6 13 7
Hogs 10.29 11 1 14 13
Vegetables 11.00 12 7 13 6
Corn 11.29 9 5 19 14
Milk 13.86 15 5 16 11
Peanuts 14.00 16 6 18 12
Rice 14.29 14 10 18

8
Tree Fruits and Nuts 14.57 15 9 17 8
Wild Game, Pelts, and Furs 16.57 18 13 19 6
Wheat 17.71 17 17 19 2
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Summary and Implications

Mississippi agricultural and natural resources commodities were quantified and ranked by
seven economic indicators. Some statistics, including employment and farm receipts, can
be gathered from government sources. Unfortunately, number of jobs in the agriculture
and forestry sectors can be an imprecise statistic that also provides no indication of
income. Gross farm receipts can reflect double counting if one commodity’s output is
used as another’s input. Gross value added and final demand avoid double counting, yet
they still only provide direct measures of size. Broilers and eggs were leaders in terms of
employment and farm gate value. From a gross value added perspective, timber was the
top commodity. Soybeans led final demand sales.

More comprehensive definitions of importance included economic multipliers and the
economy-wide value added contributions provided to Mississippi by agricultural and
natural resources product sales injecting new money into the state. The value added total
effects multipliers illustrated that catfish and hogs were the more assimilated
commodities within Mississippi’s economy. Buying and selling between catfish and hog
farmers and other Mississippi industries occurred at greater marginal rates than for the
other commodities studied. During times of economic expansion, catfish and hogs will
benefit at greater marginal rates compared to other commodities (Coronado, McConnell,
and Matthews, 2015). However, during economic recession, these same commodities
would face greater marginal losses in gross value added due to their higher levels of
dependency on the overall Mississippi economy. Multiple recessions over the past 20
years have particularly hurt catfish markets (Kumar et al., 2019). Although broilers and
eggs possessed the lower value added total effects multiplier among all commodities, this
also signified these products were more resistant to recessionary effects than others.

The value added base contributions accumulate all the dollars across all industries a
commodity is responsible for bringing into Mississippi. Final demand sales, driven by
exports, are re-spent to pay down loans; purchase fuel, equipment and implements, and
services from allied providers; as well as pay workers. The value added base
contributions capture not only the gross value added associated with export sales, but also
all the additional indirect and induced value added generated by backward-linked
industries. By this overarching measure, soybeans generated $647 million of activity in
Mississippi.

The value added base export multipliers provided a standardized measure of
dependency, centered on 1.0, that identified base commodities quantitatively and
objectively. Mississippi depended on cotton, horticultural plants, and broilers and eggs to
bring new money into the state. Other commodities were more dependent on base



McConnell Gauging Economic Importance of Mississippi Agricultural and Natural Resources 13

industries to spur their activities. This did not mean commodities with value added base
export multipliers well below 1.0 were unimportant. Indeed, their production and sales to
local buyers retained dollars within Mississippi for further spending.

Overall, soybeans possessed the higher average ranking across all economic indicators.
However, the median suggested cotton and timber along with soybeans retained the
higher rankings. Regardless of the statistic, all products provided important contributions
to the state on their own merits. Some are geographically constrained due to
environmental factors and, therefore, concentrated in a smaller number of counties. These
commodities did not produce high values or rankings at the state level, but their worth to
Mississippi likely extended beyond the economics of jobs and dollars to the
environmental goods and services farmlands and forestlands provide. These sustainability
concerns motivate public support for the furthering of agricultural and natural resources
conservation (Kline, Alig, and Garber-Yonts, 2004).
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Demand Interrelationships of Peanuts and Tree Nuts
in the United States

Guo “Chris” Cheng, Oral Capps Jr., and Senarath Dharmasena

By augmenting the Quadratic Almost Ideal Demand System model, a demand system
analysis was conducted for peanuts and tree nuts in the United States. Monthly
observations from 2004 through 2015 derived from the Nielsen Homescan Panel were
used. The estimated uncompensated own-price elasticities for peanuts and the granular
array of tree nuts considered ranged from -0.31 (pistachios) to -2.08 (almonds). Estimated
income elasticities varied from 0.50 (walnuts) to 0.85 (pistachios), indicative of
necessities. Substitutability and complementarity among the set of nut products were
evident. The study contributes to the literature by providing a more up-to-date and
thorough analysis of the demand for peanuts and tree nuts presently lacking in the extant
literature.

Key words: Demand Interrelationships, Disaggregate Nut Products, Elasticities, Semi-
LA/QUAIDS, Nielsen Homescan Data

About 40% of U.S. adults consume nuts on a regular basis (Nielsen, Kit, and Ogden, 2014). Nuts
are energy-dense, protein-rich foods that are high in unsaturated fatty acids, dietary fiber, vitamins,
and minerals. As such, the growth in the domestic demand for peanuts and tree nuts in the United
States has been buoyed, in part, by their promotion as nutritious and healthy snacks by marketing
boards and trade associations.

Annual per capita consumption of peanuts and tree nuts in the United States has been on the rise
(Figure 1). In 2019, the per capita consumption of tree nuts was 5.2 pounds, up from 1.8 pounds in
1970, while the per capita consumption of peanuts was 7.5 pounds, up from 5.7 pounds in 1970.
Tree nuts include almonds, Brazil nuts, cashews, chestnuts, hazelnuts (filberts), macadamias,
pecans, pistachios, and walnuts. However, despite the nutritional value of nuts and attention by
marketing boards and trade associations for nut products, little is known about the consumer
demand associated with the consumption of peanuts and tree nuts.

The per capita consumption of specific tree nuts over the period 1970 to 2019 is exhibited in
Figure 2. Across almost five decades, on average, the per capita consumption of tree nuts was as
follows: (1) almonds - 0.93 pounds; (2) hazelnuts (filberts) - 0.06 pounds; (3) macadamias - 0.09
pounds; (4) pecans - 0.46 pounds; (5) pistachios - 0.15 pounds; (6) walnuts - 0.46 pounds; and (7)
other tree nuts (defined as Brazil nuts, cashews, chestnuts, and pine nuts) - 0.67 pounds. The
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average per capita consumption from 1970 to 2019 was 6.51 pounds. The dominant tree nuts, in
terms of per capita consumption, are almonds, pecans, walnuts, and other tree nuts. In the 2018-19
season, the total crop value of nuts was as follows: almonds $6.1 billion, hazelnuts $84.5 million,
pecans $471.0 million, walnuts $1.29 billion, macadamias $48.9 million, pistachios $1.94 billion,
total tree nuts $9.92 billion. These figures are indicative of the magnitude of the contribution of nut
products to the U.S. agricultural economy. As well, the United States is the second largest producer
of tree nuts worldwide (Asci and Devadoss, 2021).

e -
7 e A s
," = Ll \‘ " S’
'3 ’Iho\ £y "" \‘_—"'\--’
- - ¥}
v
&5
=
g
B —
3 i<
"
¢ i i A R P g B
]
1]
V) & & b
oo o Riia o o R A o
=== Peanuts ===+ Tree nuts

Figure 1. Annual U.S. Per Capita Consumption of Peanuts and Tree Nuts: 1970-2019.
Source: U.S. Department of Agriculture, Economic Research Service per capita availability data for peanuts
and various issues of the Fruit and Nuts Yearbook for tree nuts.

To foster the marketing and promotion of almonds, walnuts, pistachios, and pecans, various
Federal Marketing Orders (FMOs) were put into place under the auspices of the Agricultural
Marketing Service of the U.S. Department of Agriculture (USDA). In 1948, FMO 984 established
the California Walnut Board. In 1950, FMO 981 established the Almond Board of California. In
2004, FMO 983 established the Administrative Committee for Pistachios. Most recently, in 2016,
FMO 986 established the American Pecan Council. As such, the growth in the domestic demand
for peanuts and tree nuts has been buoyed, in part, by their promotion as nutritious and healthy
snacks by marketing boards and trade associations.

Various studies have confirmed the association between the consumption of peanuts and tree
nuts and health benefits (Ros, 2010; Van den Brandt and Schouten, 2015; de Souza, 2017). King et
al. (2008) as well as Mattes, Kris-Etherton, and Foster (2008) revealed that the frequency of nut
consumption and body mass index (BMI) are inversely related. Fraser et al. (1992) and Kris-
Etherton et al. (2008) confirmed the benefits of tree nuts and peanuts in preventing coronary heart
disease. Moreover, Jiang et al. (2002) found that nut and peanut butter consumption were inversely
associated with the risk of type-2 diabetes in women. Further, tree nuts and peanuts have been
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recommended to be part of the daily intake of children and adults, replacing other snack foods
(Rehm and Drewnowski, 2017). Additionally, Settaluri et al. (2012) highlighted the usefulness of
considering peanuts as an essential component in the human diet. In the latest Dietary Guidelines
for Americans 2020-2025, nuts are included in the spectrum of nutrient-dense foods and proteins
(USDA and U.S. Department of Health and Human Services, 2020), further highlighting their
importance in improving the health and nutrition status of consumers.
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Figure 2. Annual U.S. Per Capita Consumption of Specific Tree Nuts: 1970-2019.
Source: U.S. Department of Agriculture, Economic Research Service per capita availability data for tree
nuts and various issues of the Fruit and Nuts Yearbook for tree nuts.

Peanuts and tree nuts not only make notable contributions to the U.S. agricultural economy, but
also health benefits are linked to the consumption of these commodities. Yet, relatively little is
known about the economic factors associated with the consumption of peanuts and tree nuts.
Exploring a detailed demand analysis for these products is worthwhile to commodity organizations
such as the American Pecan Council, the Almond Board of California, the California Walnut
Board, and the National Peanut Board, as well as other stakeholders in this industry.
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In this light, the objectives of this research are to: (1) investigate demand interrelationships
among peanuts and tree nuts in the United States; and (2) calculate own-price, cross-price,
expenditure, and income elasticities for peanuts and tree nuts in the United States. The nut
categories in this analysis correspond to peanuts, pecans, almonds, cashews, walnuts, macadamias,
pistachios, mixed nuts, and other nuts. To address these objectives, monthly household purchase
and expenditure data for the aforementioned nut categories are derived from the Nielsen Homescan
Panel for the calendar years 2004 through 2015. The demand relationships are estimated using a
variation of the Quadratic Almost Demand System. The estimated uncompensated own-price
elasticities for peanuts and the granular array of tree nuts considered ranged from -0.31 to -2.08.
Income elasticities of various nut products varied from 0.50 to 0.85. Substitutability and
complementarity among the set of nut products also were evident. As such, we provide a more up-
to-date and thorough analysis of the demand for peanuts and tree nuts presently lacking in the
extant literature.

Literature Review

Lee (1950) estimated season's average returns to almond growers for the period 1924-1925 through
1948-1949 by using linear regression, including the domestic volume of almonds, volume
imported, and prices of competing products as explanatory factors. The estimated own-price
elasticities of demand for almonds varied from -0.46 to -5.03. Wells, Miller, and Thompson (1986)
estimated farm-level demand for pecans using annual data from 1970-1982 based on a price-
dependent demand function. The own-price flexibility of pecans at the farm level was estimated to
be -0.97.

Lerner (1959) made the first attempt to investigate demand interrelationships of various tree nut
products, examining improved pecans, seedling pecans, general pecans, walnuts, filberts, and
almonds using annual time-series data from 1922-1955. Using a seemingly unrelated regression
method, the estimated own-price elasticities were -2.73 for seedling pecans, -3.44 for improved
pecans, -1.19 for general pecans, -1.80 for walnuts, -23.04 for filberts, and -0.86 for almonds.
Pecans and walnuts were found to be gross complements. Pecans and filberts, pecans and almonds,
and walnuts and almonds were found to be gross substitutes.

Dhaliwal (1972) examined demand interrelationships among eight tree nuts, including almonds,
filberts, pecans, walnuts, pistachios, Brazil nuts, and cashews using annual time-series data from
1922-1955. The own-price elasticities were estimated to be -0.91 for pecans, -0.29 for walnuts, -
1.93 for filberts, and -0.55 for almonds. Pecans and walnuts, pecans and Brazil nuts, and Brazil nuts
and cashews were found to be gross substitutes; almonds and filberts as well as pecans and
pistachios were found to be gross complements.

Russo, Green, and Howitt (2008) estimated the price and income elasticities of almonds and
walnuts by utilizing a seemingly unrelated regression. Own-price elasticities for almonds were
estimated to range from -0.35 to -0.48 and own-price elasticities for walnuts were estimated to
range from -0.25 to -0.28. No substitution between almonds and walnuts was evident.

Using causality structures identified through machine learning methods, Kim and Dharmasena
(2018) examined prices received by growers of pecans from 2005-2016 to investigate market
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integration patterns in Texas, Oklahoma, Georgia, and Louisiana. They found that current pecan
prices received by growers in Texas were directly caused by pecan prices received in Oklahoma,
Georgia, and Louisiana. Past period pecan prices in Georgia were found to influence current prices
in other states. Similarly, Hawkins and Dharmasena (2019) examined prices received by peanut
growers in Alabama, Florida, Georgia, North Carolina, Texas, and Virginia from 1982 through
2018 to discover market integration patterns. Results showed that Georgia and Texas are price
leaders with their past and current prices influencing current prices in most of the other states.

Asci and Devadoss (2021) examined the trends of U.S. tree nut consumption and estimated price
and expenditure elasticities for almonds, pistachios, walnuts, pecans, and hazelnuts. A general
differential demand model conforming to regularity conditions was used in this analysis, based on
annual observations from 1996 to 2018. The own-price elasticities ranged from -0.08 (pecans) to -
1.29 (hazelnuts). Expenditure elasticities ranged from 0.53 (pecans) to 2.71 (hazelnuts). No
consideration, however, was given to macadamias, cashews, mixed nuts, or peanuts. To the best of
our knowledge, no other studies have examined demand interrelationships of tree nuts and peanuts
subject to the granular level of detail provided in this research. Hence, our research adds to the
literature by providing a more detailed analysis of demand interrelationships for tree nuts and
peanuts in the United States.

Methodology
The Demand System Model

A semi-Linearized Quadratic Almost Ideal Demand System (semi-LA/QUAIDS) is used to analyze
demand interrelationships for tree nuts and peanuts. Monthly observations over the period January
2004 through December 2015 derived from the Nielsen Homescan Panel were used in this analysis.
By aggregating! the 144 monthly observations over all households in the Nielsen Homescan Panel,
we avoid the data censoring issue inherent with the use of micro-level demand system models. The
Quadratic Almost Ideal Demand System (QUAIDS) model as well as the Barten Synthetic model
are appropriate specifications (Dharmasena and Capps, 2009; Dharmasena and Capps, 2012; and
Lakkakula, Schmitz, and Ripplinger, 2016). To allow for nonlinear Engel curves, we chose the
QUAIDS model as the demand system for this analysis, which retains all of the desirable properties
of the AIDS model. To mitigate difficulties in estimation, as well as to deal with nonstationary
variables (Matsuda 2006), a linearized version of this demand system was employed.

The model builds on previous work by Deaton and Muellbauer (1980) and Bank, Blundell, and
Lewbel (1997). We suppose an indirect utility function V (p, m) given by equation (1)

1

(1) Inv(pm) = {[%]_1 + /1(17)}_ .

! With this aggregation, we sacrifice the consideration of heterogeneity across households. In this context, we
place emphasis on a market-level analysis as opposed to a household-level analysis.
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In a(p), b(p), and A(p) are defined in equations (2), (3), and (4), respectively.

n 1 n n
(2) Ina(p) =aq, +Zailnpi+§ Zyijlnpilnpj
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where p; refers to the price for the ith product, p;refers to the price of the jth product, m
corresponds to the total expenditure on the set of nut products in the demand system, n is the
number of nut categories, p is the vector of prices of nut products, In a(p) is the translog price
aggregator, and b(p) is the Cobb-Douglas price aggregator. a, 8, v, and A are estimated
parameters.

Then the budget share w; for the ith product is given by the equation

A 2
B) wi=a; + X1y Inp; + B; ln[%] + ) {ln [%p)]} .

Equation (5) is tantamount to the QUAIDS of Bank, Blundell, and Lewbel (1997). In the
empirical specification, we included quarterly dummies D in equation (6) to account for
seasonality; d;s are the estimated parameters associated with the quarterly dummy variables for
each nut product. For example, the consumption of pecans is higher during the Thanksgiving and
Christmas holidays relative to other times of the year.

6) wi=a;+ Z dis Ds + ]Z:Vij Inp; + B ln[%] " %{ln [%p)]}z

Finally, adding up, homogeneity, and Slutsky symmetry restrictions are applied to conform to the
consumer demand theory, as presented in equations (7)-(9).

n n n n

(7) Adding — up: Zai=1, Zﬁi:O, Zyijzo, Z/L:O:
i=1 i=1 i

i=1

n
(8) Homogeneity: Zyij =0;

j=1

(9) Slutsky symmetry: y;; = yj;.
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Price and Expenditure Elasticities

To calculate elasticities from this model, we differentiate equation (6) concerning the price and the
expenditure terms. The expenditure elasticities (¢;) are given as follows:

1) &= 1+ () (8 55 v [l

The uncompensated price elasticities (ei”j) are given by

ii

(11) et = (i) e (B i If(_/:;){]“ [%p)]}) (“f + ; kalnpk>
) AiB; m 1)2
565" Lol

where §;; is the Kronecker delta (§;; = 1 ifi = j and 6;; = 0 if i # j). The compensated price

i

c c
ij» €ij
elasticity calculations depend not only on the estimated parameters of the semi-LA/QUAIDS
model, but also on prices, budget shares, and total expenditures on the various nut products.

elasticities efj, ef; = e]; + &w; are derived using Slutsky’s equation. Note that the respective

Data

The data used are monthly observations over the period 2004 through 2015 derived from the
Nielsen Company (US), LLC, and marketing databases provided by the Kilts Center for Marketing
Data Center at The University of Chicago, Booth School of Business.? These data were the most
recently available data to us at the time of this analysis. Despite this time frame without access to
more recent years, our analysis provides a detailed update of the demand interrelationships among
peanuts and tree nuts (at a disaggregated level) and, as such, adds to the extant literature.
Importantly, too, our analysis serves as a baseline for future studies.

We categorized peanuts and tree nuts based on product module codes and product descriptions
provided by Nielsen. Nielsen provided four general categorizations for nut products based on
packaging type, including cans, jars, bags, and unshelled under the department of dry grocery.
Further, Universal Product Code (UPC) description were used to define detailed products. The nine
categories are: (1) peanuts,’ (2) pecans, (3) almonds, (4) cashews, (5) walnuts, (6) macadamias, (7)
pistachios, (8) mixed nuts, and (9) other nuts. Other nuts consist of Brazil nuts, nut toppings,
pumpkin seeds, filberts, and sunflower seeds.

? Disclaimer: The analyses provided by the researchers are calculated (or derived) based, in part, on data from
The Nielsen Company (US), LLC and marketing databases provided through the Nielsen Datasets at the Kilts
Center for Marketing Data Center at The University of Chicago, Booth School of Business. The conclusions
drawn from the Nielsen data are those of the researchers and do not reflect the views of Nielsen. Nielsen is not
responsible for, had no role in, and was not involved in analyzing and preparing the results reported herein.

3 Peanut butter was not considered as part of the peanut category in this analysis.
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In the Nielsen Homescan Panel, purchases of nuts are reported for each household over time,
including the amount paid in dollars, the coupon value in dollars, and the amount purchased in
ounces. Initially, we generated monthly purchases and expenditures of peanuts and tree nuts made
by each household over the period from 2004 through 2015. Next, we aggregated the purchases and
expenditures of peanuts and tree nuts over the respective households to form monthly figures.
Then, we divided these figures by the corresponding number of households that purchased the
corresponding nut category to arrive at monthly purchases and expenditures of peanuts and tree
nuts on a per household basis. Because not all households purchased nuts in any given time, we
further adjusted per household purchases and expenditures of peanuts and tree nuts taking into
account the annual market penetration (see Appendix) for each respective nut category. The
expenditure and quantity data subsequently are expressed in terms of dollars and ounces purchased
per household per month.

Further, we calculated the monthly unit prices for each nut category by dividing monthly
expenditures by monthly quantities purchased. Subsequently, we summed all expenditures of
peanuts and tree nuts to derive total expenditure per month on a household basis. By dividing the
expenditure of each nut type by total expenditure, we obtained the respective budget shares for
peanuts and tree nuts per month. Bottom line, we generated monthly* purchases (ounces), unit
values (prices) ($/ounce), and expenditures (dollars) over the period between 2004 and 2015 on a
per household basis, a total of 144 observations for the respective nut products across the United
States.

Descriptive Statistics

Descriptive statistics for prices ($/ounce), budget shares, quantities (ounces/month) corresponding
to each of the nut categories, total expenditure ($/month), and income ($) are presented in Table 1.
Macadamias were the most expensive nut product at $.71/ounce, followed by pecans, almonds,
walnuts, pistachios, cashews, and mixed nuts. Peanuts were the least expensive product purchased
at $.13/ounce.

Monthly purchases were highest for peanuts at 17.28 ounces per household on average, followed
by monthly purchases of mixed nuts, cashews, and almonds at 7.98, 7.06, and 6.51 ounces
purchased on average, respectively. Monthly purchases of walnuts, pistachios, other nuts, pecans,
and macadamias per household were 5.23, 4.44, 3.82, 3.45, and 0.29 ounces on average,
respectively. Over the 144 months, the averages of the budget shares were as follows: peanuts 0.15;
pecans 0.11; almonds 0.15; cashews 0.15; walnuts 0.12; macadamias 0.01; pistachios 0.10; mixed
nuts 0.16; and other nuts 0.06. Budget shares were highest for mixed nuts, peanuts, almonds, and
cashews, followed by walnuts, pecans, and pistachios. Per household total expenditure for peanuts
and tree nuts purchased at home was, on average, $15.32 per month over the period 2004 through
2015. Monthly income per capita over the period 2004 through 2015 was $36,543 on average.

4 This process could be duplicated for any household socio-demographic factor including, but not limited to,
various regions of the United States, as well as different races and ethnicity. Nevertheless, we chose to conduct a
market-level analysis across all households in the United States.
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Table 1. Descriptive Statistics of Prices, Budget Shares, Quantities, and Total Expenditure in the Demand System Analysis.

Standard

Item Category Mean Deviation Minimum Maximum
Prices ($/ounce) Peanuts 0.13 0.02 0.11 0.17
Pecans 0.48 0.07 0.32 0.62
Almonds 0.35 0.05 0.25 0.50
Cashews 0.33 0.07 0.20 0.43
Walnuts 0.35 0.08 0.22 0.50
Macadamias 0.71 0.14 0.51 0.99
Pistachios 0.35 0.11 0.19 0.58
Mixed Nuts 0.32 0.06 0.22 0.43
Other Nuts 0.23 0.04 0.17 0.31
Budget Shares® Peanuts 0.15 0.01 0.13 0.18
Pecans 0.11 0.01 0.10 0.13
Almonds 0.15 0.01 0.11 0.17
Cashews 0.15 0.01 0.12 0.17
Walnuts 0.12 0.01 0.10 0.14
Macadamias 0.01 0.00° 0.01 0.02
Pistachios 0.10 0.02 0.06 0.14
Mixed Nuts 0.16 0.01 0.14 0.19
Other Nuts 0.06 0.00* 0.05 0.07
Quantities Purchased Peanuts 17.28 1.13 13.98 20.27
(ounces/month) Pecans 3.45 0.37 2.78 4.56
Almonds 6.51 1.25 3.79 9.19
Cashews 7.06 1.41 4.90 10.35
Walnuts 523 0.61 3.96 6.63
Macadamias 0.29 0.09 0.11 0.46
Pistachios 4.44 0.85 2.70 6.36
Mixed Nuts 7.98 0.87 5.56 10.18
Other Nuts 3.82 0.34 2.59 4.94
Expenditures ($/month) Total Expenditure 15.32 1.88 12.09 18.55
Income ($/month) Per Capita Income (DPI)° 36,543 3462 29,958 42,847
PPI Producer Price Index All Commodities 182.59 19.28 141.40 208.30

“ Budget share is less than 1%. " The budget shares added up to 1.01 due to rounding. © Disposable Personal Income, Federal Reserve Data Base,
St. Louis, MO. ¢ Producer Price Index for All Commodities [PPIACO], Federal Reserve Bank of St. Louis, MO. Source: Nielsen Homescan Panel
2004-2015, and calculations by the authors.

Estimation
Several issues need to be addressed in the estimation of our demand system model. First, given the
nature of the data in the analysis, the presence of serial correlation needs to be examined through

the autocorrelation and partial autocorrelation functions of the disturbance terms. Then we may
express the system of demand functions as

3
(12) wy = Zpk Wik + f (e, B) — Z prcf g, B) + Z disDs + €
k k s=1
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where k is the number of lag terms and f (x;¢, ) is the function form from equation (6) (Berndt and
Savin, 1975; Dharmasena and Capps, 2012; Hovhannisyan and Gould, 2014). The optimal lag of
Pr 1s based on the autocorrelation and partial autocorrelation function of the error terms.
Examination of these functions revealed an AR(1) process of the disturbance terms. Owing to
adding-up, the estimation of a single p across the system was necessary to account for serial
correlation.

The second issue centers attention on the endogeneity of prices and total expenditure in the
QUAIDS model. Zhen et al. (2013) argued that using data at the household level makes the issue of
price endogeneity inconsequential since purchase decisions typically do not influence market price,
but this analysis rests on the use of data aggregated over households.

To mitigate this problem following Dhar, Chavas, and Gould (2003) as well as Lakkakula,
Schmitz, and Ripplinger (2016), the endogeneity issue is addressed through the specification of
reduced-form equations of prices and total expenditure, p, and m, (see equations (13) and (14));
the natural log of price p; of any nut product is regressed on the natural log of the Producer Price
Index (PPI) for all commodities, In PPI, or its lags, as well as lags of the prices of the respective
nut products. The use of the PPI in this analysis is reflective of supply-side variation in prices and,
thus, is likely to be exogenous. To support this contention, PPIs were used as instruments in
Lakkakula, Schmitz, and Ripplinger (2016). Also, the natural log of total expenditure m; is
regressed on the natural log of the income, In Income, as well as lags of total expenditure. This
instrumental-variable method is similar to the works of Attfield (1985), Capps et al. (1994),
Dharmasena and Capps (2012), and Lakkakula, Schmitz, and Ripplinger (2016). The reduced-
forms associated with the use of this instrument variable process are:

K K
(13) Inp, = 6; + @ InPPI, + Z Nt PPy + Z Uelnpe_y + &
k=1 k=1

where, &;, @, Nie, and py,, are estimated parameters, £ is the number of lags in each term, and

K
(14) Inm, = ¢, + {InDPI, + Z OeMe_i + €
k=1

where, ¢¢, {;, and I, are estimated parameters and & is the number of lags in each term.

To check on the endogeneity of prices and total expenditure, we implement the Durbin—Wu—
Hausman (DWH) test. The null hypothesis suggests that the parameter estimates are consistent
without controlling for endogeneity (Dhar, Chavas, and Gould, 2003). The test statistic H is
computed as follows,

(15) H = (B - By) (var(B) —var(B,)) " (B — Bw)

where f is the vector of estimated coefficients without controlling for price and expenditure
endogeneity, B,y is the vector of estimated coefficients after controlling for endogeneity, and the
term var(f) — var(B;y) is the difference between the respective variance-covariance matrices. The
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statistic H is asymptotically distributed as a chi-squared statistic, with degrees of freedom equal to
the number of positive diagonal elements of the differenced variance-covariance matrices.
Moreover, a key concept in empirical demand analysis work, known as weak separability, is a
necessary and sufficient condition for two-stage budgeting, according to (Deaton and Muellbauer
1980). Following the method introduced by Moschini, Moro, and Green (1994) and implemented
by Lakkakula, Schmitz, and Ripplinger (2016), we test for weak separability. As exhibited in Table
2, we postulated two separable groups—one group for peanuts only and the other group containing
the array of the respective tree nuts. Not only does the partition of peanuts and tree nuts make sense
heuristically, but the reliance on separability cuts down on the number of parameters to be
estimated, lowers the standard errors of the associated parameters, and helps to mitigate any
degrading collinearity issues among the set of explanatory variables. To determine the number of
non-redundant restrictions applied in our demand system, as suggested by Nayga and Capps
(1994), seven non-redundant restrictions are evident as detailed in Table 2. The restrictions take the
form as
(16) _=

Ok &

where gy, and gy, are the elasticity of substitution between tree nuts i and peanuts k and tree nuts j
and peanuts k; and ¢; and ¢; the expenditure elasticities of tree nuts i and tree nuts j. In our case,
weak separability implies that the marginal rate of substitution between any two tree nuts is
independent of the quantity of peanuts. Then we arrive at the parametric restrictions® tested in the
system at the sample means as

17) Yie T @i _ Bi+a;
Yik tga,  Bit+a;
The parametric restrictions, derived in Moschini, Moro, and Green (1994) as well as Lakkakula,
Schmitz, and Ripplinger (2016), are tested using a Wald-test distributed as a chi-squared statistic.
Finally, according to Matsuda (2006), unless linearly approximated, nonlinear systems including
the QUAIDS are not amenable in dealing with nonstationary variables. As exhibited in Table 3,
prices and total expenditure are nonstationary based on Augmented Dickey-Fuller tests. As such, to
handle the nonstationarity issue and to reduce any difficulties in estimation, we linearized the
translog price index In a(p) as

(18) Ina(p) = X;wi_1 Inpy;.

In essence, we used Stone’s index to replace In a(p). To avoid any contemporaneous correlation
among the budget shares in Stone’s price index and the budget shares as associated with the
dependent variables in the QUAIDS model, we modified the Stone index by lagging the budget

5 We restricted @, to be zero.
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shares by one period in equation (18). To preserve nonlinear Engel curves (available upon request),
the Cobb-Douglas price aggregator b(p) in the QUAIDS model was kept and used in the
estimation. Bottom line, the semi-LA/QUAIDS is defined by incorporating equations (3), (7), (8),
(9), (12), and (18).

Table 2. Structure of Separable Demand Models and Summary of Non-Redundant Restrictions.

Commodity Separable Grouping
Peanuts A
Pecans B
Almonds B
Cashews B
Walnuts B
Macadamias B
Pistachios B
Mixed Nuts B
Other Nuts B
Non-redundant Restrictions

Group B;; Group A,
Pecans, Almonds Peanuts
Almonds, Cashews Peanuts
Cashews, Walnuts Peanuts
Walnuts, Macadamias Peanuts
Macadamias, Pistachios Peanuts
Pistachios, Other Nuts Peanuts
Other Nuts, Mixed Nuts Peanuts

Note: Test for weak separability, following Moschini, Moro, and Green (1994) and Sellen and Goddard a(1997),
and Lakkakula, Schmitz, and Ripplinger (2016). The number of non-redundant restrictions is calculated following
Nayga and Capps (1994). The parametric restrictions tested in the demand system is as follows below. Source:
Nielsen Homescan Panel 2004-2015, and calculations by the authors. y, + a;a, B + ;

Vi + ajay - B; +a;
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Table 3. Augmented Dickey-Fuller (ADF) Tests for Stationarity of Price and Total Expenditure.
MacKinnon

Commodity Test Statistics .
approximate p-value

Budget Shares

Peanuts -3.34 0.01
Pecans -4.15 0.00
Almonds -3.62 0.01
Cashews -2.26 0.19
Walnuts -2.96 0.04
Macadamias -2.64 0.09
Pistachios -1.69 0.44
Mixed Nuts -2.78 0.06
Other Nuts -5.89 0.00
Prices

Peanuts -1.14 0.70
Pecans -2.21 0.20
Almonds 0.59 0.99
Cashews -1.03 0.74
Walnuts -1.41 0.58
Macadamias -1.24 0.66
Pistachios 0.11 0.97
Mixed Nuts -1.21 0.67
Other Nuts -1.43 0.57
Total Expenditures -2.24 0.19

Note: The null hypothesis associated with the Augmented Dickey-Fuller test is that all variables follow a unit-root
process and are, subsequently, nonstationary.

Empirical Results

The estimation of the aforementioned instrumental variable process was done using SASO
software, Version 9.4. The detailed specifications, estimated coefficients, and p-values associated
with the estimated coefficients are presented in Table 4. The majority of the coefficients estimated
based on the instrument variables were significant at the 10% level. As exhibited in Tables 4, bold
numbers indicate significance at the 10% level. The goodness-of-fit (R?) ranged from 0.84 to 0.99
and Durbin-Watson statistics varied from 1.55 to 2.30.

Predicted values of p; and m, based on equation (13) and (14) were subsequently plugged back
in the demand system model. We derive the income elasticity as follows:
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%A Total Expenditure %A Quantity Demanded;
%A Income %A Total Expenditure

(19) IE, = =0.64Xe¢,

where [E; is the income elasticity for nut i, ¢; is expenditure elasticity derived from equation (10),
0.64 is the estimated coefficient (c) from equation (12), and %A depicts the percentage change of
each variable.

The price and expenditure figures were replaced with predicted values from reduced forms for
each nut category accordingly. Further, the semi-LA/QUAIDS model also was estimated using
SAS© software, Version 9.4, through the use of an iterative seemingly unrelated regression
procedure (ITSUR).® To accommodate the singularity issue of the variance-covariance matrix of
the system of equations generated through the adding-up condition of budget shares, we dropped
one equation from the estimation process. Arbitrarily, the omitted equation was associated with
mixed nuts.

We recovered all coefficients for mixed nuts using equation (7). Goodness-of-fit statistics R? and
adjusted R? as well as Durbin-Watson statistics are provided in Table 5. The R? metrics for the
semi-LA/QUAIDS model ranged from 0.51 to 0.92. The model was corrected for serial correlation
using an AR(1) process in the disturbance terms as previously discussed; as exhibited in Table 5, rl
is the estimated parameter associated with this AR(1) process. The Durbin-Watson statistics
corresponding to this demand system ranged from 1.64 to 2.61, thereby providing evidence of the
absence of first-order autocorrelation in the error terms. Also, the mean absolute percent error
(MAPE) for the respective equations varied from 1.63% to 8.87%, indicative of the ability of the
model to mimic actual budget shares.

¢ The ITSUR procedure does not depend on any distribution of the error terms, whereas the full information
maximum likelihood (FIML) requires an underlying multivariate distribution (typically the assumption of
normality). However, the dependent variables are budget shares so the appropriate distribution in this analysis
would be a Dirichlet distribution (multivariate distribution of the beta distribution) because the budget shares vary
from 0 to 1. We estimated the demand system using FIML, but the results underperformed those produced by the
ITSUR technique.
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Table 4. Parameter Estimates and Associated p-Values for Reduced-Form Equations of Total Expenditure and Prices of Tree Nuts and Peanuts.

Expenditure-Income (Dependent Variable: In(Total Expenditure),) Price of Almonds (Dependent Variable: In(Price Almonds),)
Variables Estimate p-value Variables Estimate p-value
Constant -4.10 0.08 Constant -2.58 0.00
In(DPI), 0.64 0.00 In(PPI);_3 0.26 0.07
In(Total Expenditure),_; 0.51 0.00 In(Price Almonds); _; 1.90 0.00
In(Total Expenditure),_, 0.44 0.00 In(Price Almonds),_, -0.90 0.00
Error Term;_y, -0.68 0.00 Error Term; 0.80 0.00
Goodness-of-fit R? 0.94 Goodness-of-fit R2 0.97
Adijusted R? 0.93 Adjusted R? 0.97
Durbin-Watson 2.04 Durbin-Watson 2.08
Price of Peanuts (Dependent Variable: In(Price Peanuts),) Price of Cashews (Dependent Variable: In(Price Cashews),)
Variables Estimate p-value Variables Estimate p-value
Constant -4.11 0.00 Constant -2.32 0.01
In(PPD)¢—3 0.40 0.00 In(PPD),—, 0.28 0.11
In(Price Peanuts) ,;_; 0.95 0.00 In(Price Cashews),_, 0.96 0.00
Error Term;_q, -0.32 0.00 Error Term,_; -0.97 0.00
Goodness-of-fit R2 0.96 Goodness-of-fit R? 0.99
Adjusted R? 0.96 Adjusted R? 0.9
Durbin-Watson 2.09 Durbin-Watson 2.18
Price of Walnuts (Dependent Variable: In(Price Walnuts),)  Price of Pistachios (Dependent Variable: In(Price Pistachios),)
Variables Estimate p-value Variables Estimate p-value
Constant -3.71 0.00 Constant 0.13 0.96
In(PPI), 0.55 0.01 In(PPI)—y -0.50 0.01
In(Price Walnuts ) 0.98 0.00 In(PPI)¢—, 0.54 0.01
Goodness-of-fit R? 0.98 In(Price Pistachios)¢ 1.00 0.00
Adjusted R? 0.98 Goodness-of-fit R? 0.99
Durbin-Watson 1.65 Adjusted R? 0.99
Durbin-Watson 2.21
Price of Macadamias (Dependent Variable: In(Price Macadamias),;)  Price of Pecans (Dependent Variable: In(Price Pecans),)
Variables Estimate p-value Variables Estimate p-value
Constant -6.30 0.00 Constant -5.88 0.00
In(PPI), 1.14 0.00 In(PPI), 0.99 0.00
Error Term -1.07 0.00 Error Termy—y -1.08 0.00
Error Term, _, -0.52 0.00 Error Term, _, -0.91 0.00
Goodness-of-fit R? 0.84 Error Term,_3 -0.51 0.00
Adjusted R? 0.83 Goodness-of-fit R? 0.91
Durbin-Watson 1.55 Adjusted R? 0.91
Durbin-Watson 1.67
Price of Mixed Nuts (Dependent Variable: In(Price Mixed Nuts),) Price of Other Nuts (Dependent Variable: In(Price Other Nuts),)
Variables Estimate p-value Variables Estimate p-value
Constant -2.82 0.00 Constant -3.66 0.00
In(PPI),_, 0.26 0.00 In(PPI), 0.43 0.06
In(Price Mixed Nuts),_ 1.00 0.00 In(Price Other Nuts),_; 0.93 0.00
Error Term;_; 0.44 0.00 Error Term;_;, -0.32 0.00
Error Term;_;, -0.67 0.00 Goodness-of-fit R? 0.95
Goodness-of-fit R? 0.97 Adjusted g2 0.94
Adjusted R? 0.97 Durbin-Watson 2.30
Durbin-Watson 1.60

Note: We used disposable personal income (DPI) as an instrument for the total expenditure and the producer price index (PPI) for all commodities as an instrument for
prices of peanuts and tree nuts. Bold numbers indicate significance at the 10% level. Source: Nielsen Homescan Panel 2004-2015 and Federal Reserve Data Base, St. Louis,
MO, and calculations by the authors.
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Parameters, Endogeneity, Weak Separability, and Seasonality

All of the estimated parameters and associated p-values are shown in Table 5. Bold numbers
indicate that estimated coefficients are considered to be significantly different from zero provided
that the corresponding p-values are equal to or less than 0.10. Given the number of observations,
the 10% level of significance was chosen for our analysis. Twenty-three out of the 45_estimated
gamma parameters, y;;, were statistically different from zero, while six out of the nine estimated
alpha parameters, and seven out of the nine estimated beta parameters, were statistically different
from zero. The estimated autocorrelation coefficient (r1) was statistically different from zero.
Seven out of nine lambda parameters were significant individually and jointly which indicates the
presence of nonlinear Engel curves. The estimated DWH chi-squared test statistic is 1,954.91 (p-
value < 0.01) (see Table 5). Hence, controlling for price and expenditure endogeneity is necessary
to consistently estimate the parameters of the semi-LA/QUAIDS.

Seven non-redundant restrictions regarding weak separability were tested using the Wald test. As
exhibited in Table 5, we fail to reject the null hypothesis of weak separability between peanuts and
tree nuts.

Quarterly dummies were included in each equation to capture seasonality. As shown in Table 5,
seasonality was evident for pecans, almonds, cashews, walnuts, and other nuts. No seasonal pattern
was found for peanuts, macadamias, pistachios, and mixed nuts. Generally, consumption of pecans
and other nuts was higher in the fourth quarter and consumption of almond and walnuts was lower
in the fourth quarter.

Uncompensated and Compensated Price Elasticities

We calculated uncompensated, compensated own-price and cross-price elasticities, and expenditure
elasticities for each data point (144 months from January 2004 through December 2015) for each
nut category. The respective elasticities are dependent not only on the estimated parameters, but
also on prices, total expenditure, and budget shares. We perform t-tests’ on each of the respective
elasticity estimates, and we report the standard errors and associated significance levels. We
hypothesize that all own-price elasticities are negative as stipulated by economic theory, and we
hypothesize that all expenditure elasticities are positive.

Uncompensated own-price and cross-price elasticities are exhibited in Table 6. These respective
elasticities correspond to the means of the respective 144 monthly observations over the sample
period from January 2004 to December 2015. All nine own-price elasticities were statistically
significant, ranging from -0.31 to -2.08. In particular, the demands for peanuts, pecans, almonds,
cashews, macadamias, mixed nuts, and other nuts were elastic, while the demands for walnuts and
pistachios were inelastic.

7 One-tailed tests for expenditure elasticities, one-tailed tests for own-price elasticities, and two-tailed tests for
cross-price elasticities were done.
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Table 5. Nonlinear ITSUR Parameter Estimates and Associated p-Values, Joint Test of Seasonality, Endogeneity Test, and Model Goodness-of-Fit Statistics.

params Estimate p-value  params Estimate p-value  params Estimate  p-value
Gammas Gammas Gammas
gpeanutpeanut -0.08 0.20 gpecanother 0.05 0.12 gwalnutwalnut 0.03 0.03
gpeanutpecan -0.10 0.00 gpecanmix -0.12 0.01 gwalnutmaca 0.00 0.79
gpeanutalmond 0.12 0.01 galmondalmond -0.16 0.02 gwalnutpistachio -0.01 0.32
gpeanutcashew 0.11 0.03 galmondcashew .11 0.02 gwalnutother 0.00 0.90
gpeanutwalnut 0.00 1.00 galmondwalnut -0.01 0.76 gwalnutmix -0.01 0.80
gpeanutmaca 0.04 0.04 galmondmaca 0.05 gmacamaca -0.01 0.31
gpeanutpistachio -0.03 0.47 galmondpistachio 0.98 gmacapistachio 0.00 0.79
gpeanutother 0.06 0.10 galmondother 0.05 gmacaother -0.02 0.15
gpeanutmix 012 0.01 galmondmix 0.02 gmacamix 0.04 0.09
gpecanpecan -0.09 0.08 acashewcashew 0.05 gpistachiopistachio  0.07 0.00
gpecanalmond 0.12 0.01 geashewwalnut 0.94 gpistachioother 0.01 0.63
gpecancashew 0.11 0.02 gcashewmaca 0.08 gpistachiomix -0.02 0.69
gpecanwalnut 0.02 0.66 gcashewpistachio 0.00 0.99 gotherother 0.03 027
gpecanmaca 0.03 0.06 geashewother -0.06 0.10 gothermix 0.06 0.14
gpecanpistachio -0.02 0.61 gcashewmix 0.15 0.02 gmixmix -0.01 0.84
Alphas Betas Lambdas
apeanut 0.55 0.00 bpeanut 0.00 lampeanut 0.03 0.01
apecan 0.49 0.00 bpecan 0.00 lampecan 0.03 0.00
aalmond -0.30 0.00 balmond 0.00 lamalmond -0.04 0.00
acashew -0.27 0.06 beashew 0.00 lamcashew -0.04 0.00
awalnut 0.13 0.30 bwalnut 0.88 lamwalnut -0.01 0.63
amaca -0.12 0.03 bmaca 0.02 lammaca -0.01 0.04
apistachio 0.04 0.76 bpistachio 0.88 lampistachio 0.01 0.61
aother -0.10 0.35 bother 0.09 lamother -0.02 0.09
amix 0.58 0.00 bmix -0.27 0.00 lammix 0.04 0.00
AR (1) Lambdas Joint Chi-Squared Statistic p-value
rl 0.79 0.00 Test 83.40 0.00
Seasonal dummies
dummies Estimate p-value dummies Estimate p-value dummies Estimate p-value
dpeanut1 -0.0008 0.35 dcashew 1 -0.0027 0.01 dpistachiol 0.0028 0.13
dpeanut2 -0.0010 0.24 dcashew2 -0.0013 0.19 dpistachio2 0.0029 0.10
dpeanut3 -0.0012 0.16 dcashew3 -0.0005 0.60 dpistachio3 0.0008 0.64
dpecanl 0.00 dwalnut1 0.0025 0.01 dotherl -0.0040 0.00
dpecan2 0.00 dwalnut2 0.0012 0.20 dother2 -0.0032 0.00
dpecan3 0.00 dwalnut3 0.0011 0.19 dother3 -0.0014 0.03
dalmondl 0.00 dmacal -0.0007 0.10 dmix] -0.0001 0.91
dalmond2 0.00 dmaca2 -0.0002 0.64 dmix2 0.0017 0.10
dalmond3 0.00 dmaca3 -0.0004 0.23 dmix3 -0.0003 0.73
Joint Test of Seasonal Dummies® Goodness-of-Fit

Chi-squared Adjusted Durbin
Null Hypothesis Statistic p-value Equation R? 2 Watson MAPE
dpeanut]=dpeanut2=dpeanut3=0 224 0.52 Peanuts 0.9000 0.8926 23223 1.63%
dpecanl=dpecan2=dpecan3=0 60.13 0.00 Pecans 0.7424 0.7231 24880 2.57%
dalmond1=dalmond2=dalmond3=0 65.35 0.00 Almonds 0.8381 0.8259 2.1689 2.58%
dcashew 1=dcashew2=dcashew3=0 7.51 0.06 Cashews 0.9126 0.9060 1.8796 2.03%
dwalnut1=dwalut2=dwaut3=0 6.60 0.09 Walnuts 0.8388 0.8267 21712 2.02%
dmacal=dmaca2=dmaca3=0 3.36 0.34 Macadamias 0.8385 0.8264 2.6078 8.87%
dpistachiol=dpistachio2=dpistachio3=0 3.89 0.27 Pistachios 0.9225 0.9167 1.6440 5.08%
dother1=dother2=dother3=0 38.63 0.00 Other Nuts 0.5119 0.4753 2.4447 3.30%
dmix1=dmix2=dmix3=0 5.91 0.12 Mixed Nuts” 0.8308 0.8182 2.2281 1.75%

Durbin-Wu-Hausman Test for Price and Expenditure Endogeneity

Degree of  Chi-Squared

Endogeneity test Freedom Statistic p-value
H-statistic 94 1,954.91 0.00
Non-redundant Restrictions Wald Tests
Group B ;; Group A ChSi-S(!‘_mAmd p-value Parametric Restrictions
tatis tic
Pecans, Almonds Peanuts 0.120 0.72 Vit @i Pita;
Almonds, Cashews Peanuts 0.010 0.94 Yie + e B+ a
Cashews, Walnuts Peanuts 0.890 0.34
‘Walnuts, Macadamias Peanuts 1.860 0.17 For example, pecans and almonds with respect to peanuts,
Macadamias, Pistachios Peanuts 0.010 0.94
Pistachios, Other Nuts Peanuts 0,000 099 gpeanutpecan + apeanut + apecan _ _bpecan + apecan
. gpeanutalmond + apeanut = aalmond ~ balmond + aalmond
Other Nuts, Mixed Nuts Pcanuts 0.200 0.65

“ The base quarter season is the last quarter, d(nut's name) I is the dummy for the first season, and so on. * Afier we recovered the parameters for mixed nuts using adding-up restrictions
(equation (7)), we calculated the predicted values of budget shares of mixed nuts, and then derived the goodness-ofit, R*2, adjusted R"2, and Durbin Watson statistic for mixed nuts. Note.
Bold numbers indicate significance at the 10% level. Source: Nielsen Homescan Panel 2004-2015, and calculations by the authors
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Table 6. Uncompensated Own-Price and Cross-Price, Expenditure, and Income Elasticities.

Expenditure Income
Category Peanuts Pecans Almonds Cashews Walnuts Macadamias Pistachios Other Nuts Mixed Nuts Elasticity Elasticity

Peanuts -1.5238 -0.6889 0.8441 0.7520  0.0035 0.2680 -0.1733 03805  -0.8246 0.9625  0.6160
(0.0028) (0.0037) (0.0051) (0.0046) (0.0008)  (0.0015) (0.0010)  (0.0023)  (0.0044)  (0.0069)

Pecans 0.9694 -1.8623 1.1449 1.0462 0.1435 0.3105 -0.1791 04711  -1.0957 0.9903  0.6338
(0.0053) (0.0047) (0.0059) (0.0055) (0.0013)  (0.0016) (0.0015)  (0.0024)  (0.0060)  (0.0099)

Almonds 0.8692 0.8419 -2.0846 -0.7640 -0.0770  -0.2653 0.0190  -0.4590  1.0185 0.9016  0.5770
(0.0079) (0.0074) (0.0089) (0.0059) (0.0012)  (0.0021) (0.0010)  (0.0037)  (0.0091)  (0.0103)

Cashews 07543 0.7548 -0.7813 -2.0790 -0.0223  -0.2621 0.0026  -0.3893  0.9936 1.0287  0.6584
(0.0058) (0.0058) (0.0060) (0.0083) (0.0009)  (0.0020) (0.0008)  (0.0030)  (0.0077)  (0.0080)

Walnuts 0.0319 0.1530 -0.0780 0.0094 -0.7385  -0.0256 -0.0675  -0.0068  -0.0566 0.7786  0.4983
(0.0005) (0.0010) (0.0006) (0.0004) (0.0015)  (0.0001) (0.0007)  (0.0001)  (0.0003)  (0.0024)

Macadamias 3.2466 2.6925 -3.2425 -3.1904 -0.3018  -1.8942 203163  -1.5139  3.2976 12236 0.7831
(0.0761) (0.0633) (0.0805) (0.0794) (0.0101)  (0.0217) (0.0100)  (0.0375)  (0.0770)  (0.0382)

Pistachios  -0.3355 -0.2428 -0.0327 -0.0414 -0.1509  -0.0432 03139 0.0825  -0.2545 13326 0.8529
(0.0074) (0.0053) (0.0006) (0.0014) (0.0031)  (0.0010) (0.0150)  (0.0017)  (0.0057)  (0.0078)

Other Nuts ~ 0.9867 0.8753 -1.1818 -0.9875 -0.0371  -0.3178 0.1663  -1.5492  1.0698 0.9758  0.6245
(0.0056) (0.0048) (0.0057) (0.0048) (0.0010)  (0.0016) (0.0014)  (0.0027)  (0.0061)  (0.0093)

Mixed Nuts  -0.7707 -0.7243 0.8919  0.8905 -0.0739  0.2483 -0.1200 03721  -1.7782 1.0644  0.6812

(0.0035) (0.0033) (0.0042) (0.0044) (0.0010)  (0.0012) (0.0011)  (0.0018)  (0.0036)  (0.0081)

Note: The estimated elasticities correspond to the means of 144 monthly values for the period 2004 to 2015. Bold numbers indicate significance at the 1% level; the
numbers below the estimated elasticities correspond to the standard errors over the time period 2004 to 2015. Income elasticities are calculated using equation
: . /

(19) by multiplying of expenditu sticities by the coefficient 0.64. The e of income
expenditure elasticities. Source: Nielsen Homescan Panel 2004-2015, and calculations by the authors.

is based on the statistical significance of the

Table 7. Compensated Own-Price and Cross-Price Elasticities.

Category Peanuts  Pecans Almonds Cashews Walnuts Macadamias Pistachios Other Nuts Mixed Nuts
Peanuts -1.3797  -0.5864  0.9857  0.8942  0.1161 0.2808 -0.0786 0.4357 -0.6678
(0.0038)  (0.0042)  (0.0056)  (0.0033)  (0.0007) (0.0013) (0.0014) (0.0022) (0.0052)
Pecans -0.8210  -1.7568  1.2905  1.1925  0.2592 0.3879 -0.0817 0.5279 -0.9343
(0.0055)  (0.0050)  (0.0066)  (0.0047)  (0.0012) (0.0018) (0.0016) (0.0024) (0.0060)
Almonds 1.0033 0.9380  -1.9514 -0.6313  0.0290 -0.2537 0.1082 -0.4071 1.1650
(0.0078)  (0.0072)  (0.0101) (0.0056)  (0.0013) (0.0020) (0.0020) (0.0038) (0.0088)
Cashews 0.9077 0.8645  -0.6296 -1.9273  0.0985 -0.2487 0.1041 -0.3301 1.1610
(0.0051)  (0.0054)  (0.0052) (0.0093)  (0.0007) (0.0022) (0.0021) (0.0030) (0.0070)
Walnuts 0.1481 0.2360 0.0368  0.1242  -0.6471 -0.0154 0.0094 0.0380 0.0701
(0.0009)  (0.0011)  (0.0016)  (0.0011)  (0.0007) (0.0002) (0.0023) (0.0003) (0.0006)
Macadamias  3.4279 2.8230  -3.0620 -3.0103 -0.1571 -1.8789 -0.1946 -1.4433 3.4964
(0.0784)  (0.0652)  (0.0768)  (0.0769)  (0.0063) (0.0218) (0.0057) (0.0362) (0.0799)
Pistachios -0.1356  -0.1004  0.1628  0.1564  0.0050 -0.0254 -0.1848 0.1590 -0.0368
(0.0053)  (0.0040)  (0.0010)  (0.0013)  (0.0027) (0.0006) (0.0130) (0.0021) (0.0036)
Other Nuts 1.1321 0.9794  -1.0379 -0.8437 0.0775 -0.3052 0.2626 -1.4931 1.2286
(0.0052)  (0.0044)  (0.0061)  (0.0050)  (0.0008) (0.0016) (0.0022) (0.0031) (0.0057)
Mixed Nuts ~ -0.6114  -0.6110  1.0485  1.0477  0.0506 0.2624 -0.0151 0.4331 -1.6048

(0.0042)  (0.0035)  (0.0049) (0.0032)  (0.0006) (0.0009) (0.0017) (0.0018) (0.0042)
Note: The estimated elasticities correspond to the means of 144 monthly values for the period 2004 to 2015. Bold numbers indicate significance
at the 1% level; the numbers below the estimated elasticities correspond to the standard errors over the time period 2004 to 2015. Source:
Nielsen Homescan Panel 2004-2015, and calculations by the authors.
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Table 8. Evidence of Substitutability and Comple me ntarity among Nut Categories.
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Commodity Substitutes Comple ments

Peanuts Almonds, Cashews, Other Nuts, Macadamias, and Walnuts Mixed Nuts, Pecans, and Pistachios

Pecans Almonds, Cashews, Other Nuts, Macadamias, and Walnuts Mixed Nuts, Peanuts, and Pistachios

Almonds Mixed Nuts, Peanuts, Pecans, Pistachios, and Walnuts Cashews, Other Nuts, and Macadamias

Cashews Mixed Nuts, Peanuts, Pecans, Pistachios, and Walnuts Almonds, Other Nuts, and Macadamias

Walnuts Pecans, Peanuts, Cashews, Mixed Nuts, Other Nuts, Almonds, and Pistachios =~ Macadamias

Macadamias Mixed Nuts, Peanuts, and Pecans Almonds, Cashews, Other Nuts, Pistachios, and Walnuts
Pistachios Almonds, Other Nuts, Cashews, and Walnuts Peanuts, Pecans, Mixed Nuts, and Macadamias
Other Nuts Mixed Nuts, Peanuts, Pecans, Pistachios, and Walnuts Almonds, Cashews, and Macadamias

Mixed Nuts Almonds, Cashews, Other Nuts, Macadamias, and Walnuts Peanuts, Pecans, and Pistachios

Note: The substitutes and complements are ordered based on the itude of the crossprice ies. Source: Evidence compiled from the respective
c cross-price

Table 9. Comparison of Models, Data, Nut Products, Own-Price Elasticities with Other Studies in the Literature.

Study Model Data Nut Products Own-Price Elasticity
This article Semi-LA/QUAIDS  Monthly time-series Peanuts -1.524
2004-2015 from Pecans -1.862
Nielsen HomeScan ~ Almonds -2.085
Panel Cashews -2.079
Walnuts -0.739
Macadamias -1.894
Pistachios -0.314
Other Nuts -1.549
Mixed Nuts -1.778
Lerner (1959) Single Equation Annual time — Seedling pecans -2.729
Seemingly unrelated ~ series 1922-1955 Improved pecans -3.442
regression Pecans -1.188
Walnuts -1.803
Filberts -23.042
Almonds -0.863
(Linear Function Form) (Double Logarithmic)
Dhaliwal (1972) Single Equation Annual time-series ~ Pecans -0.909 -0.856
1922-1955 Walnuts -0.286 -0.420
Filberts -1.926 -0.891
Almonds -0.548 -0.888
(Single Equation) (Seemingly Unrelated Regression)
Russo, Green, and Single Equation Annual time-series ~ Almonds —0.480 to -0.350° -0.140
Howitt (2008) Seemingly unrelated  1970-2001 Walnuts —0.266 to -0.284 -0.200
regression
Asciand Devadoss (2021)  General Differential ~ Annual time-series ~ Almonds -0.12
Demand System 1996-2018 Pistachios -0.33
Walnuts -0.16
Pecans -0.08
Hazelnuts -1.29
“ The range of estimates is due to different functional forms, including linear, double log, and Box-Cox Source: Compilations from the authors.

Compensated own-price and cross-price elasticities are exhibited for each nut category in Table
7. The semi-LA/QUAIDS model satisfies the negativity condition of compensated demands. Of the
72 estimated compensated cross-price elasticities, 44 were positive, indicative of net substitutes,
and 28 were negative, indicative of net complements. We summarize the findings concerning the
substitutability and complementarity of peanuts and tree nuts in Table 8. The respective substitutes
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and complements are arranged based in the order of the magnitude of the compensated cross-price
elasticities. This ordering serves to identify the most likely substitutes/complements with respect to
the set of nut products. For example, almonds and cashews are the top two substitutes for peanuts,
pecans, and mixed nuts, whereas mixed nuts and peanuts are the top two substitutes for almonds,
cashews, macadamias, and other nuts. Pecans and peanuts are the top two substitutes for walnuts,
and almonds and other nuts are the top two substitutes for pistachios.

Expenditure and Income Elasticities

As expected, all expenditure elasticities were positive and statistically different from zero. As
shown in Table 6, pistachios had the highest expenditure elasticity, 1.33, while walnuts had the
lowest expenditure elasticity, 0.78. Cashews, macadamias, pistachios, and mixed nuts were more
sensitive to changes in the total expenditure of nuts products than were peanuts, pecans, almonds,
walnuts, and other nuts. Using equation (19), calculated income elasticities varied from 0.50 to
0.85, indicating that peanuts and tree nuts were necessities.

In Table 9, we provide a comparison of our results from those in the extant literature. Only four
previous studies dealt with demand interrelationships of peanuts and tree nuts. As stated previously,
these studies are not up-to-date regarding data used and models employed. Our work is more
current compared to these studies in terms of the use of more recent data and the use of a more
sophisticated demand systems model. Comparisons with past studies were only possible for pecans,
almonds, pistachios, and walnuts. Our estimates of the own-price elasticities of pecans, almonds,
and walnuts were in most cases larger than those provided in the extant literature. A richer
delineation of tree nut products likely is responsible for this finding as well as the growing market
and expansion of the domestic industry in terms of volume and variety.

Concluding Remarks

We utilized the semi-LA/QUAIDS model to address the demand for various nut products in the
United States. Owing to different types of data, time periods, and modeling techniques, our results
regarding own-price and cross-price elasticities differed from previous studies. Importantly, our
findings offer insights to processors and retailers regarding pricing strategies. To illustrate, due to
the elastic demand for peanuts and most tree nuts, reducing price is the appropriate strategy to
increase revenue, holding all other factors invariant. However, because of the inelastic demand for
walnuts and pistachios, raising prices for these nuts is the recommended strategy to increase
revenue in the short run.

Estimates of income elasticities revealed that peanuts and tree nuts are necessities. As such, if the
U.S. economy continues to grow, all other factors invariant, the demand for peanuts and tree nuts
indeed will shift to the right. Nevertheless, changes in household income are not likely to have
sizeable impacts on at-home consumption of peanuts and tree nuts. To illustrate: If household
income increases by 2%, then quantities purchased of walnuts and pistachios will increase by 1%
and 1.7%, respectively. Income elasticities, like own-price elasticities, are important to all



Cheng, Capps Jr., and Dharmasena Demand Interrelationships of Peanuts and Tree Nuts in U.S. 35

stakeholders in the nut industry, especially nut purveyors and retailers concerning category
management.

Although substitutability among nut products was far more common, complementarity among
nut products also was evident. Information concerning the substitution and complementary patterns
among peanuts and tree nuts is important strategically for stakeholders in the nut market from a
competitive intelligence standpoint. For example, the California Walnut Board should keep tabs on
the American Pecan Council given that pecans were identified as the top-most substitute for
walnuts. In sum, with knowledge of the estimated own-price, cross-price, and income elasticities,
nut purveyors and retailers will be able to more precisely monitor and measure changes in
quantities purchased of peanuts and tree nuts which, in turn, will lead to improvements in inventory
and procurement planning.

A limitation of our analysis concerns the implicit assumption of the weak separability of peanuts
and tree nuts from other snack products. Additionally, although the semi-LA/QUAIDS model
accounts for price, total expenditure, and seasonality, other explanatory factors were excluded from
the analysis. Branded and generic advertising expenditures were not included in this analysis due to
the unavailability of monthly data over the period 2004 through 2015. Despite the omission of these
additional explanatory variables, these factors were part of the error terms in the demand system.
Because of the use of the iterative SUR estimation procedure, these omitted variables were
implicitly accounted for in the analysis.

Future work will focus on a household-level analysis instead of a market-level analysis to obtain
a micro-perspective viewpoint. In this way, censored demand models such as the Exact Affine
Stone Index Marshallian Demand system could be estimated to account for the heterogeneity of
household purchases of peanuts and tree nuts incorporating socio-demographic factors such as age,
household size, region, education, and ethnicity. Despite the somewhat dated time frame of our
analysis, we, nevertheless, provide a detailed update of the demand interrelationships among
peanuts and various tree nuts currently lacking in the extant literature. Importantly, too, our
analysis then serves as a baseline for future studies. Despite these limitations, our work
unquestionably adds to the economic literature concerning the nuts industry.
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Appendix

Year Peanuts Pecans Almonds Cashews Walnuts
2004 53% 24% 27% 36% 28%
2005 54% 23% 28% 36% 29%
2006 53% 24% 30% 36% 30%
2007 50% 24% 31% 35% 28%
2008 48% 24% 34% 34% 27%
2009 48% 24% 35% 32% 30%
2010 48% 22% 35% 32% 28%
2011 48% 21% 38% 29% 27%
2012 46% 21% 38% 27% 26%
2013 46% 23% 36% 28% 25%
2014 46% 22% 33% 28% 23%
2015 43% 20% 26% 24% 22%
Year Macadamias Pistachios Mixed Nuts Other Nuts Total Nuts
2004 3% 15% 34% 24% 86%
2005 3% 13% 33% 23% 86%
2006 4% 12% 33% 24% 86%
2007 3% 15% 32% 25% 85%
2008 3% 16% 31% 24% 85%
2009 3% 14% 31% 23% 85%
2010 3% 16% 30% 22% 85%
2011 2% 23% 30% 23% 85%
2012 2% 26% 29% 23% 84%
2013 2% 23% 28% 23% 84%
2014 2% 20% 27% 23% 83%
2015 2% 17% 23% 20% 80%

Source: Nielsen Homescan Panel 2004-2015, and calculations by the authors.

The annual market penetration covering the years 2004 through 2015 was calculated by dividing the
number of households that purchased each respective nut by the total number of households in the Nielsen
Homescan Panel for each year. We adjusted per household purchases and expenditures of peanuts and tree
nuts by multiplying the annual market penetration for each respective nut category.
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Demand for Agriculture Mechanization in the
Hauts-Bassins Region in Burkina Faso

Manzamasso Hodjo, Benjamin Schwab, Michel Kere, Vinsoun Millogo, and
Ajit Srivastava

This study aims to assess the status of agriculture mechanization in the Hauts Bassins
Region (HBR) of Burkina Faso and elicit demand levels for machine services via a
survey of 946 farm households. Overall, animal traction remains the primary means of
land preparation while small engines are widely used for threshing and winnowing. Labor
saving from engine power is greatest for harvest activities. Willingness to pay (WTP)
elicitation suggests that access to machines remains a key concern. The mean WTP for
custom hire tractor plowing, 28,409 CFA ($48), was 36% higher than reported rental
costs, and approximately 30% of the sample not using custom hire plowing services were
willing to pay the prevailing price. Further, farmers in households with high proportions
of women and children were least likely to use and demand tractor services, while
irrigators had the highest stated demand.

Key words: Agriculture, Mechanization, Smallholder Farmers, Sustainable Intensification

Building rural capacity to serve the growing needs of production, storage, and processing of
agricultural products for sustainable food security remains a major challenge for Sub-Saharan
regions (Side and Havard, 2015). Agricultural production and processing in Sub-Saharan Africa
(SSA) using engine-based machine power has lagged other regions (United Nations Food and
Agriculture Organization (FAO), 2018). Appropriate mechanization can make farming systems
more sustainable by improving the timeliness of field operations and reducing the drudgery of hand
labor for land preparation, planting, weed control, and harvest.

Estimates in SSA from turn-of-the-century studies suggest that 65% of agriculture energy is from
manual power, 25% from draft animals, and 10% from engine or electrical power (Clarke and
Bishop, 2002). An FAO (2018) report indicates that those numbers were largely unchanged as of
2010, with Southern and Eastern Africa providing the most tractor power, followed by West and
Central Africa. Even within less mechanized West Africa, the use of machine power is extremely
heterogeneous. While tractor use has risen steadily in Nigeria and Cote d’Ivoire since the 1980s,
growth in other regions has been sporadic or non-existent (Zhou, 2016).

Manzamasso Hodjo and Benjamin Schwab are postdoctoral fellow and associate professor, respectively, in the
Department of Agricultural Economics, Kansas State University, Manhattan. Michel Kere is assistant professor
in the Institute of Rural Development, Nazi Boni University, and also with the Operating Manager of
Appropriate Scale Mechanization Consortium in Burkina Faso. Vinsoun Millogo is associate professor in the
Institute of Rural Development, Nazi Boni University, and also the Innovation Hub Director of Appropriate
Scale Mechanization Consortium in Burkina Faso. Ajit Srivastava is a professor in the Department of
Biosystems and Agricultural Engineering, Michigan State University, East Lansing.
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Competing explanations have been offered to explain the machine-power gap. While Houmy,
Kienzle, and Ashburner (2012) have focused on low demand from farmers as a key factor in slow
mechanization in Sub-Saharan Africa, the Malabo Montpellier Panel (2018) and Diao, Silver, and
Takeshima (2017) focused on poorly designed state interventions and sub-optimal public sector
coordination and support for mechanization supply as primary reasons.

Despite the seeming lack of progress, several demand- and supply-side factors have pushed the
subject of mechanization back to the forefront of African agricultural development. A recent study
by Diao, Silver, and Takeshima (2017 in Ghana reveals an increasing use of machine and animal
power for plowing, threshing, harvesting, and other tasks. Behind this emerging demand for
mechanization, they note the importance of rapid urbanization, growth of medium-sized farms,
rising rural wages, and seasonal labor shortages. Yet, the market for mechanization services
remains thin in many SSA countries. In Nigeria, for instance, most of the tractor services are either
directly provided by the government or heavily subsidized ( Diao, Silver, and Takeshima, 2017).

This paper focuses on the West African country of Burkina Faso. In comparison to other African
countries, the introduction of mechanized agriculture in Burkina Faso came quite late and through
very informal processes. At the inception of its agricultural mechanization program in the 1970s,
the country promoted animal traction, an effort that never flourished due to pastoralist and
agriculturalist conflicts (Faure, 1994). Tensions between farmland expansion induced by
mechanization, on one hand, and traditional land tenure policies, on the other hand, have also
hampered the adoption of machine power in Burkina Faso (McCauley, 2003; Fonta et al., 2018).
Yet, FAO and World Bank statistics reveal a growing number of tractors per hundred hectares of
arable land. From only 29 tractors in 1960, the country had 1,933 tractors in use as of 1995
(FAOSTAT, 2019; World Bank, 2019). Research from the early 2000s noted that 70% of farmers
used manual labor, 29% had access to animal traction, and only 1% used wheeled tractors
(Direction General de la Promotion de I'Economie Rurale (DGPER), 2001). While these estimates
are likely outdated, they do highlight a large farming mechanization gap that does not appear to
have been closed. Overall, access to machines at the farmer level in this West African country
remains poorly studied.

The current study aims to assess both the current status of mechanization in rural Burkina Faso
and the supply and demand for mechanized services. We have two main contributions. First, we
provide detailed descriptive evidence on labor and equipment disaggregated across the range of
farming activities. Second, we estimate the important determinants of both actual use and stated
demand for mechanized services.

The analysis relies on data from the Appropriate Scale Mechanization Consortium (ASMC) for
the sustainable intensification baseline survey that occurred in the Hauts-Bassins Region (HBR) of
Burkina Faso in 2016. We first profile intra-household labor allocation on farms and highlight the
current level of agricultural mechanization. Though animal traction remains the predominant mode
of land preparation, nearly 10% of the sample reported tractor usage for plowing. Further, post-
harvest activities such as threshing, and winnowing are thoroughly mechanized. Using a logistic
regression model, we also estimate the determinants of tractor and animal usage in key farming
activities.
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In addition to assessing the current penetration of mechanized services, we also analyze the
stated demand for agricultural machines. We find that average stated WTP exceeds current average
prices of mechanized plowing services. Nearly three in 10 farmers not yet utilizing machine power
for land preparation would be willing to pay the prevailing custom hire rate, and that proportion
would nearly double if prices fell by just 20%.

Demand appears to depend on both on-farm factors (land size by crop type and irrigation access)
as well as household labor characteristics. Farms with proportionately more women and children
use less mechanization and express lower demand, suggesting that child labor is a substitute for
mechanizing tasks.

These results are consistent with more recent literature emphasizing supply-side issues in the
slow growth of mechanization. Access appears to be a major driver of low utilization in our study
area. Given that our findings point to a strong potential for mechanization to reduce child labor,
policies that alleviate private sector barriers to operating custom hire services are likely to have
significant welfare impacts.

Our paper is structured as follows. Section II briefly summarizes the literature on mechanization
in SSA, while Section III describes the conceptual and empirical models used in the estimation.
Section IV gives the key features of the data, while Section V specifically describes the patterns of
existing labor and machine use in the study area. The econometric estimates of the determinants of
current mechanization and stated demand for mechanized services are detailed in Section VI, while
Section VII concludes our findings.

A Brief Literature Review of Supply and Demand for Agricultural Mechanization in Sub-
Saharan Africa

Agricultural mechanization refers to the use of farming machinery, including basic hand tools to
more sophisticated and motorized equipment (FAO, 2016). Following this definition and
distinguishing machinery use by power sources, the Malabo Montpellier Panel (2018) distinguishes
three levels of mechanization: human power-based mechanization, animal power-based
mechanization, and mechanical power-based mechanization. Notwithstanding the substantial state-
led efforts to promote agricultural mechanization during the 1960s and 1970s, African agriculture
remains the least mechanized in the world (Daum and Birner, 2020). In SSA, 65% of land
preparation activities for food production are powered by human muscle. By comparison, the share
in Asia is below 35% (Zhou, 2016).

Much of the literature has focused on specific demand- and supply-side factors that have
hindered the spread of mechanization in SSA. Several factors including farming systems, relative
wages, farming products, and the agro-ecological and socio-economic conditions of farmers
determine the demand for custom hired services (Sims et al., 2012). Of these, mechanization’s
labor-saving features have received the most attention. Several studies have found a positive
correlation between rising rural wages and costs of draught animals, on one hand, and
mechanization, on the other hand (Takeshima, Nin-Pratt, and Diao, 2013; Takeshima and Liu,
2020; Diao, Silver, and Takeshima, 2017). In some countries, a combination of production
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intensification and rising rural wages have created a labor bottleneck for several activities including
land preparation, weeding, and harvest. This has triggered increasing demand for labor-saving
technologies such as mechanization (Daum et al., 2019). However, mechanization may play a
diversity of roles beyond reducing labor costs. These include increasing the quality of production,
expanding farm acreage under production, and even potentially allowing a shift towards
conservation-friendly planting practices (Marenya et al., 2017).

The ability of farmers to participate in mechanization schemes hinges on timely supply or
availability of the technologies and services (Benin et al., 2013). Baudron et al. (2019) find high
latent demand for mechanization services in four SSA countries limited by access and supply
constraints. As a consequence, both the spread of agricultural mechanization and the extent to
which increased mechanization spurs growth in production, income, consumption, assets, and other
desirable outcomes will depend on how well local markets and institutions function for custom
hired services. However, the rise of custom hire services, and potential for digital technologies to
reduce the transaction costs of these services, has renewed interest in the potential for growth in
mechanization technologies in SSA (Daum and Birner, 2020).

The most commonly used agricultural machinery in West Africa include tractors, combine
harvesters, threshers, manure spreaders and fertilizer distributors, plows and cultivating machines,
and seeders and planters (Zhou, 2016). While specialized mechanical seeding technologies can
reduce soil disturbance, such conservation-improving technologies are less widespread (Marenya et
al., 2017).

Similar to other Sub-Saharan countries, the market for mechanization services in Burkina Faso is
underdeveloped. Supply is uneven across locations, and much of the tractor services are provided
by government through either subsidized direct sales or public tractor hiring service (Weiner et al.,
1988; Abdulquadri and Mohammed, 2012; Zhou, 2016). As a result of the uneven distribution of
subsidized tractors, and high fixed costs, the adoption of mechanization is highly constrained,
leaving potential demand unmet for the majority of small-holder farmers (Ksoll et al., 2017,
Takeshima, Nin-Pratt, and Diao, 2013).

Historically, demand for agricultural mechanization in Burkina Faso has been closely linked to
the production system, with small- and medium-sized farms utilizing animal traction and
mechanized power reserved for larger operations (Stephane and Harvard, 2014). Further, access to
credit is a primary constraint on purchases of improved agricultural equipment in the country. The
combination of these limiting factors has traditionally limited the market for mechanization, but the
increasing trend of custom hire services potentially changes those dynamics (Stephane and
Harvard, 2014; McCauley, 2003; Mrema, Kienzle, and Mpagalile, 2018).

Conceptual Framework and Empirical Model

A key component of this study is the assessment of the determinants of stated WTP for mechanized
plowing services. As in Ulimwengu and Sanyal (2011), we concieve of WTP as the expenditure
level for mechanized services at which producers are just indifferent between adopting and
foregoing the new production practice. Following their notation, we represent this formally using a
money-metric utility specficiation as follows:
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(1) WTP = e(p,EUO,Fo)— e(p,EUO,Fl)

where p is the vector of prices, EU, represents the current expected utility level, and the optimal
farming system with and without mechanized services is given by F; and F, respectively.

The marginal utility of adopting mechanized services will depend on both the expected
difference in productivity and the savings from the reallocation of resources away from the newly
mechanized service (e.g., plowing). For a commercial farmer, where production and consumption
decisions are separable, the value of such changes can be evaluated at prevailing market prices for
outputs and inputs. However, when production decisions are non-separable, the value of
mechanized services will depend on the household level characteristics that determine the relevant
shadow prices. Therefore, household labor availability, for example, will be important as optimal
allocation of labor depends heavily on household composition under such conditions (Benjamin,
2009).

Because separability is an unrealisticly strong assumption for our sample of rural farmers in
Brukina Faso, we estimate the household WTP for custom plowing services based on consumption
and production parameters. These include socio-economic information; farm characteristics such as
location, land area, crop choice, and irrigation use; and household composition based on age and
gender. Because knowledge and attitudes towards new technologies influence their perceived
value, we include measures of current agricultural technology use (improved seed), and the age and
education level of the household head which are socio-economic factors likely to shape attitudes
towards proposed technology (Ulimwengu and Sanyal, 2011).

Empirical Model

In this study, we estimate both the determinants of tractor use and the factors affecting the WTP
for custom hired services. In each case, the unit of observation is the household.

We first estimate the determinants of tractor use separately for plowing and harvest using a logit
model. For household i, the outcome variable y; takes the value 1 if the household reports using
mechanization for the relevant activity, and 0 otherwise. Based on the standard logistic distribution,
the model of the predicted probability can be written:

1
1+e™ Wi

@  PHi=1=P=

where W~ = by + 21}4=1 bjx;;j is a linear combination of the M independent variables and a set of
coefficients b = (by, by, ...., by) estimated via maximum likelihood. As noted in the discussion of
the model of WTP, the independent variables in this model include household characteristics such
as size, female ratio, land use, livestock possession, household head age and education level; access
to irrigation and credit; use of improved seeds; and geographic localization. We also control for
being a native or immigrant in the region. For this specific study, the relevance of being native of
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the region or immigrant relates to farmland ownership.! The survey did not include a direct
question on farmland ownership, though ownership is likely a key determinant of tractor use
(McCauley, 2003). Native status serves as a proxy for ownership because the majority of farmland
in Burkina Faso is inherited (Korbeogo, 2015).

We then estimated the determinants of the WTP for custom hired service using a standard
Ordinary Least Square (OLS) model:

3) WTP; = Bo + Xy Bre Xui + &

where S, is the intercept and Y4, By Xy; is a linear combination of the independent variables and a
set of coefficients § = (B4, f2, ..., Br) Which are to be estimated. We include the same
independent variables as those included in the estimation of equation (2). Unlike in Chiwaula et al.
(2018), very few respondents (less than 1%) reported a WTP of zero, so the use of two-stage
models is not required to alleviate censoring concerns.

Description of Study Area and Data

Burkina Faso is an agricultural-based economy. Approximately 80% of the population live in rural
areas and rely on agriculture for food production (Institut National de Statistiques et de la
Démographie, 2008). Smallholder farmers are the main food providers (Agence Francaise de
Développement, 2015). Agriculture provides income, food security and accounts for 35% of the
gross domestic product of the country (Consumer Price Index, 2012).

Most farmers are smallholders and grow mainly millet, sorghum, and maize (corn) as cereals on
less than 0.5 ha. Maize is grown in Burkina Faso in areas where rainfall is at least 700 mm a year
and soils are suitable, primarily in the western and southern parts of the country. Maize yield
potential ranges from 2,000 to 6,000 kg/ha and increases in productivity could greatly enhance
domestic food security (FAO, 2014; Ksoll et al., 2017).

This study was conducted in the HBR, located in western Burkina Faso. This region is known as
an economic and business hub. The region is crossed by two international railroads and, therefore,
occupies a strategic position for agricultural trade with neighboring countries such as Céte d'Ivoire
and Mali (Badolo, 2009). The region encompasses three administrative units called provinces:
Houet, Kenedougou and Tuy.

The survey was conducted in all three provinces in 2016 from August 19 to 29, which was after
planting and before the main harvest season. The questionnaire was designed in French and
translated into local languages of Dioula, More, and Fulfulbe. The theoretical and practical training
of enumerators included a pre-test and a pilot phase of the questionnaire held from August 16 to 17.

The survey sample was drawn from a complete list of villages and farm households provided by
extension services in each province. From the extension agency pre-sampling list, villages were
randomly selected to be representative of maize-growing areas in each district. Within villages,

! See Table 1 for a full list of variables used in the analysis.
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respondents were randomly drawn from a list of maize-growing households. In order to prevent
bias arising from enumerators substituting households, no changes or replacements were allowed in
the field. All households were provided with informed consent agreements, and none refused to
answer the survey questionnaire. Also, no incentives were given to respondents.

Despite the attempt to survey a representative group of maize farmers in the region, there are
some reasons to be cautious about the survey’s representativeness. Because the household registry
used for sampling was derived from extension agency lists, these lists may have excluded more
marginalized farms not tracked by extension agents. We highlight that the pre-sampling list might
not be representative of Burkina Faso’s entire rural population. The sample size for targeted
households to be investigated was determined using Schwartz and Denne’s (2006) formula, and an
assumption that 80% of the region’s residents were farmers. Based on the latter, a minimum of 589
households were targeted.

Questionnaires were administered to approximately 30 households per village in 32 villages. In
total, we interviewed 946 households with a structured questionnaire administrated to the selected
households’ heads (Kere, Schwab, and Hodjo, 2018). Administering the questionnaire required
approximately 45 minutes to 1 hour. Three supervisors from agricultural extension services were
responsible for the coordination of the survey in each province. The questionnaire included several
sections, including household characterization, agricultural production, crop diversity, agricultural
equipment, food diversity, crop utilization, and actions took to adapt climate change.

Table 1 presents socio-demographic indicators of the surveyed households. The household sizes
varied between 3 and 85 members, with an average of 15 and a median of 11 persons. Nationally
representative data from Burkina, in contrast, suggest the average household size is 8 persons in
rural areas versus 6 in urban areas (World Bank, 2016). Consequently, our sample includes
relatively larger households, though the difference may also owe to slightly differing definitions of
a household unit. Most of the surveyed households are headed by literate males, and most of the
respondents are natives of their region. More than 97% reported living in the village in which they
were surveyed for more than 10 years. While 50% of the households have a member living away
from the region, only 23% reported receiving migrant remittances. Approximately 58% of the
respondents self-reported as poor.

In the HBR, the average production area for cereal crops was 8.7 ha, of which 5.2 ha was for
maize production. Household land area ranged from 5 to 20 separate fields.

The average rental cost for one hectare of land in the study region was 212,540 CFA
($358.65USD). The average maize yield was 4,300 kg per household, and 1,000 to 1,700 kg/ha.
That estimated yield is similar to the West African average of 1.5 tons per hectare (Macauley,
2015), but lags behind the 2,000 to 5,000 kg/ha estimate for improved varieties (Escalante-Ten and
Maiga, 2012). Half of the households sold all their maize production, whereas 39% traded only a
share. The price of maize received ranged from 116 to 130 CFA ($0.20 to $0.22USD/kg).
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Table 1. Household Main Socio-economic Characteristics.

Variables Mean Standard Deviation
Categorical Variables
Male household head 0.98 0.12
Household head attended primary school 0.99 0.04
Native of village 0.73 0.44
Received remittance 0.19 0.39

Self-described socio-economic group

Very poor 0.08 0.26
Poor 0.5 0.5
Medium 0.35 0.47
Wealthy 0.07 0.26
Household has garden plot 0.27 0.44
Household used irrigation 0.12 0.33
Province the household lives in
Kenedougou 0.36 0.48
Houet 0.38 0.49
Tuy 0.26 0.44
Continuous Variables
Household head age (year) 45.24 11.11
Land area farmed for maize (ha) 5.19 6.32
Land area farmed for non-maize crops (ha) 5.6 12.22
Ratio of female to total household members 0.51 0.14
Number of adults (age>15) in the household 7.97 6.88
Number of children (age<15) in the household 6.59 5.26
Animal units owned by household (excluding poultry) 15.17 21.83

Source: Authors' computation from household survey .

Patterns of Household Labor Utilization and Mechanization in Farming Activities

Mechanization is generally a labor-saving technology, and demand is often contingent on the labor
costs and productivity for farm activities. Therefore, we first describe existing patterns of labor
used in the study region based on the survey data.

For most households, men, women, and children all work in household farming and vegetable
production (Table 2). While many food production activities are not gender segregated, land
preparation and weeding were commonly reported to be performed by men only. For example, in
39% of households, land preparation was mainly done by males, while 59% equally shared the task.
For harvesting, the proportions are reversed, with only 10% of households reporting male sole
work, and 87% reporting joint work.

The majority of households reported that children or young people were involved in all crop
production operations. Children were mostly used for planting, weeding, and harvesting, and were



Hodjo, Schwab, Kere, Millogo, and Srivastava ~ Ag Mechanization in Hauts-Bassins Region, Burkina Faso 47

least likely to participate in seeding and land preperation. Most commonly, young people work
together with their parents, with rates of children working by themselves in weeding and harvest
activities at below 2%. This is similar to figures reported by Shittu (2014) on family labor use in
rural Nigeria. Weeding was the activity most commonly performed alone by children, with 9% of
households reporting young people as the sole member responsible for weeding.

Table 2. Distribution of Household Labor Used in Each Crop Production Activity by Gender and Participation by Children.

Activity Household Labor Participation by Gender Household Labor Participation by Children
Actors Percentage Actors Percentage

Male only 38.95 Child & Parents 67.03

Field preparation Female only 2.06 Child only 5.93
Both 58.99 No Children 27.05
Male only 11.27 Child & Parents 72.09

Seeding Female only 2.74 Child only 1.51
Both 86 No Children 26.4

Male only 19.31 Child & Parents 72.25

Weeding Female only 1.67 Child only 9.18
Both 79.02 No Children 18.57

Male only 10.39 Child & Parents 81.36

Harvest Female only 2.84 Child only 1.51
Both 86.76 No Children 17.13

For each agricultural activity (field preparation, seeding, weeding, and harvest), this table categorizes households by which members participate. For
each activity, the “percentage” column on the left side of the table (Household Labor Participation by Gender) categorizes whether the activity is
performed only by men, only by women, or by both men and women. For each activity, the “percentage” column of the right side of the table (Household
Labor Participation by Children) categorizes whether the activity is performed by a combination of children and parents, children only, or adults only
(i.e. no children). Source: Authors’ computation from household survey.

Descriptive Statistics of Mechanization Use in HBR

We first analyze the status of machine use in the sampled households by identifying the key
equipment used for each agricultural task. Respondents were asked to list the primary equipment
used to complete nine separate agriculture tasks, and their answers are compiled in Table 3.%

Overall, hand tools and animal equipment were the most frequently used farm equipment. For
plowing, animal equipment predominated (85.5% of households), but four-wheeled tractors were
used by nearly 10% of the sample. For tasks such as sowing, planting, and weeding, machine use
was extremely rare. Instead, hand tools, such as hoes, predominated.

Tractor use was more common in harvesting, with 17% of households reporting their use.
Unfortunately, our data does not allow us to distinguish what element of the harvest task for which
tractors were used. Because farmers named equipment they deemed vital to each task, some of the
responses include transportation modes used in that activity. For example, carts were commonly
used to transport fertilizers to farms, harvested products to homes, and commodities to

2 Note that some farmers identified more than one “primary” piece of equipment, so columns in Table 3 do not
sum to 100.
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marketplaces. Transportation usage may explain the relatively greater penetration of four-wheeled
tractors in harvesting relative to plowing if respondents considered crop transport as part of the
harvest activity.

Table 3. Percentage of Households Using Specified Agri Equi by Agri Activity.
Use of Equipment and Specific Practices " &

Equipment

Plowing/Tillage Sowing Planting Weeding Fertilizer application Harvest® Threshing/Wi i Drying  Sal keting
Four-wheeled tractor 9.2 0.8 03 2.9 1.7 17.4 4.6 0.2 0.2
Two-wheeled tractor (power tiller) 0.2 0.1 0.1
Generator 0.1
Hand basket 54 23.9 6.2 13 0.4
Cart for horse/cow 03 0.1 6.9 43 10.1
Cart (like basket) for animal (horse/cow) 03 0.5 0.1 0.8 50 272 0.2 13.8
Cart attached to thea tractor or motor vehicle 1.9 03 03 0.6
Animal equipment 85.5 13.7 74 31.8
Motorized traction equipment 0.1 22 0.1 03 0.2 0.2
Hoe 4 4.7 0.8 347 0.1 0.1
Other hand tool 8.6 76.2 20.7 60.1 8 18.5 13.2 4.9
Threshing machine 0.2 0.2 0.1 9.3 58.4 0.2
Bicycle 0.1 83 1.6 4.9
Motorcycle 33 0.7 9.2
Truck 0.1 0.6 6
No specific tool or equipment identified oy cip Ty Hin i Hp dgin cTiH
" Note that household definitions of tasks are subjective. Thus, harvest activities may include both cutting and transport of harvested products to threshing areas. " Because households may identify more than one
piece of equipment per task, columns do not sum to 100. Source: Authors' computation.

Some degree of mechanization appeared to already exist among respondents in the survey
region, with four-wheel tractors the dominant form. The 10% penetration in plowing and 17%
penetration in harvest indicates both existing infrastructure and familiarity. Further, the nearly
universal use of mechanization for post-harvest activities (threshing and winnowing) suggests
minor engine diffusion in Burkina Faso.

Despite the apparent penetration of tractor services in the sample, the overall means mask
substantial heterogeneity by province. Tractor usage was particularly large in Tuy (Figure 1) where
57% of the respondents reported having used a tractor for any reason at least once during the
production cycle. The comparable figure in Houet is only about 5%. That difference likely owes to
both larger scale commercial agricultural production in Tuy, as well as reports of a more active
governmental subsidy program in the area. According to Ouedraogo et al. (2019), farmers in the
cotton-growing region of Tuy receive support from the state for the procurement of agricultural
machines.

Most households using a tractor report renting via a custom hire service, though 39% report
ownership. However, that ownership figure may reflect cooperative ownership arrangements. In
contrast, only 40% of those using animal equipment report renting.

The labor-saving properties of machine use are readily apparent in reports of time use for each
activity by household. Except for sowing, use of mechanized equipment reduced required labor
days considerably relative to the next fastest option (Table 4). The greatest labor saving occurred
for harvesting, which required 7.5 to 10 days for those not using tractors, and only 0.5 days for
those with tractors. Plowing time was nearly reduced in half for the sample reporting any tractor
use.
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Figure 1. Proportion of Respondents Who Used a Tractor for Any Pre-harvest and Harvest Activity.
Source: Authors’ computation. Excludes post-harvest activities (threshing/winnowing and sales/marketing).

Table 4. Labor Days per Hectare for Each Activity Performed, Categorized by the Primary Equipment Used (Mechanized,
Animal, or Manual/Other).

Activity Average Number of Days per Hectare®

Manual/Other Equipment Animal Tractors/Mechanized Equipment

# days N # days N # days N
Plowing 11.2 84 5.9 737 3.5 87
Sowing 6.1 731 2.6 132 6.4 7
Planting 2.8 93 5.2 54 0.2 1
Weeding 10.4 596 6.3 291 3.1 1
Fertilizing 1.4 195 2.7 494 0.6 16
Harvest 10.2 276 7.5 338 0.5 156
Threshing/Winnowing 2.7 110 - 0 0.8 406
Marketing/Sales 1.8 28 1.5 67 2 37

“ Those not identifying specific equipment are excluded. For each group, mean reported days per hectare to complete a task is reported alongside
the sample size. Source: Authors’ computation.

Econometric Estiamtes of the Use of and Stated Demand for Mechanization

In this section, we estimate models of the determinants of both current use of mechanization
(Equation (2)) and stated WTP for mechanized services (Equation (3)).

Logit Estimates of the Determinants of Mechanization Use

To further analyze which households utilize tractors, Table 5 reports the result of a logit estimation
regressing tractor use on household characteristics by task. Larger maize farms are more likely to
use machines for plowing, though the relationship for harvesting is not significant. However, non-
maize farm acreage has a small and insignificant affect on tractor use for both plowing and harvest.
One possible explanation is that non-maize farm size is captured somewhat by the number of
livestock, which is counterintuitively positive associated with tractor use for plowing. Another
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possible factor is the strong heterogeneity by province, as these within-province estimates of the
extensive margin of tractor use may be dominated by the between-province differences.

The labor patterns presented in Table 2—where females are relatively less likely to be involved
in land preperation, but more likely to be involved in harvest activites—appear to be reflected in
the association of gender ratio and machine use. Whereas a higher proportion of females is
insignificantly linked to tractor usage for plowing and harvest, the direction of the relationship is
negative for both activities. If female time is not valued as highly by the individual making
decisions on tractor use, saving female labor during harvest—where they are more likely to be
used—may not be as high a priority for household heads. That interpretation is bolstered by the
overall positive relationship between labor size and machine use, suggesting the gendered
composition of the labor force has a unique relationship with adoption of machine services.

Similarly, the presence of children is negatively and significantly linked to tractor use for both
plowing and harvesting. However, the magnitude of the effect for harvest—where children are
more likely to be used for labor—is thrice as high as that for plowing. These results suggest two,
non-mutually exclusive possibilities. One, higher numbers of children potentially repress the
demand for tractor use in households with more minors. Two, mechanizing farm activities,
particularly at harvest, would likely have the largest potential effect on reducting child farm labor.

In line with conventional wisdom, households reporting access to credit are more likely to use
tractors for plowing. However, the relationship for using tractors at harvest is insignficant.
Conversely, those receiving remittances are less likely to use a tractor, though the relationship is
also not signficant for harvest. Farms that use irrigation are significantly less likely to use tractors
for plowing, and more educated household heads are more likely to use tractors for harvest.
Further, farmers using improved seeds are more likely to use tractors for both plowing and
harvesting. That last finding indicates those most likely to adopt mechanization also take on other
agricultural technologies.

Mechanization Costs and the Stated Demand for Mechanization

The survey also assessed the stated demand for mechanization services by including several
questions on the amount that producers would be willing to pay for such services across different
production activities. We present the results of this part of the survey alongside the actual reported
rental rates from the subsample of those who reported renting mechanized equipment.

To determine market rental rates, we use data from the 16 farming households in the sample that
reported renting tractor services for plowing. These farmers received custom hire service (e.g.
rental and labor), though an additional four reported renting the equipment by itself. For the pooled
sample, the mean and median per hectare rental costs for custom hire plowing services for tractors
were 20,833 CFA ($40.17) and 25,000 CFA ($42.18), respectively (Table 6). In Kenedougou, all
tractor plowing rentals were performed on a custom-hire basis. Prices in Houet were slightly more
than those reported in Tuy. These reported rates are very close to national level cost estimate of $51
per ha reported by Diao, Silver, and Takeshima (2016).
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Table 5. Logit Estimates for the Determinants of Tractor Use.

Variables Plowing Harvest
Age of household head 0.0005 0.0015
-0.001 -0.002
Native of village 0 -0.0466
-0.023 -0.046
Receiving remittances -0.0583** -0.083
-0.029 -0.05
Land area farmed (maize) (ha) 0.0031** 0.0018
-0.001 -0.003
Land area farmed (non-maize) (ha) 0.0003 0.0036*
-0.001 -0.002
Practicing some gardening -0.0352 0.0229
-0.033 -0.061
Used irrigation 0.0111 0.0066
-0.044 -0.087
Female ratio in household” -0.0329 -0.1854
-0.069 -0.125
Adult (age >15) number 0.0031%* 0.0074*
-0.001 -0.003
Child (age <=15) number -0.0033* -0.0123%*
-0.002 -0.004
Number of livestock units (excluding poultry) 0.001 [*** -0.0025%*
0 -0.001
Head of household attended primary school -0.0043 0.0425
-0.019 -0.032
Access to credit 0.0642%** 0.1653***
-0.02 -0.033
Uses improved seed 0.0425* 0.1037%**
-0.022 -0.036
Province (reference = Kenedougou)
Houet -0.0248
-0.019
Tuy 0.1325%** 0.0662*
-0.029 -0.061
Observations 854 518
Pseudo R-squared 0.27 0.14

The dependent variable equals 1 if mechanized equipment was used for the activity in the column header, and 0
otherwise. Marginal effects of the logit estimation are reported. Standard errors are in parentheses below
coefficient estimates. “ Female ratio in the household is the number of females divided by the household size.
**% p<0.01, ** p<0.05, and * p<0.1.
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Table 6. Amount Paid for Renting Tractors for Plowing, by Province (CFA/hectare).

Journal of Agribusiness

Province Mean Standard Deviation = Median Minimum Maximum
Renting machines only for plowing
Houet 19444 9623 25000 8333 25000
Tuy 25000 0 25000 25000 25000
Pooled 20833 8333 25000 8333 25000
Renting machines and operator for plowing (e.g., custom hire)
Kenedougou 25000 0 25000 25000 25000
Houet 25000 - 25000 25000 25000
Tuy 11073 4911 11073 7600 14546
Pooled 22215 6096 25000 7600 25000
Renting machines for threshing by province (CFA/hectare)
Kenedougou 7469 9926 3000 1200 40000
Houet 5362 8371 3000 1050 69000
Tuy 3980 2142 3375 1087 8333
Pooled 5549 8194 3000 1050 69000

All WIP measures winsorized, with largest 1% of observations top coded at the 99 th percentile. Pooled means
are averaged over the entire sample. All values in CFA. World Bank official exchange rate for 2016 in Burkina-
Faso was $1USD = 591.61 CFA or 1 CFA = 80.002 USD. Source: Author computation from household survey.

For the entire sample, we obtain data on famers’ maximum willingness to pay (WTP) for custom
hire plowing services. We first report in Table 7 the unadjusted and adjusted mean WTP summary
statistics, which are winsorized (top-coded) at the 99th percentile of the elicited WTP distribution
in order to reduce the influence of extremely high values. Adjusted mean WTPs are calculated for
key subgroups, holding all other variables at the mean. We report results based on irrigation use
and self-assigned income groups to shed light on the within-sample and cross-province variability.
For comparison, Table A2 of the Appendix displays OLS-adjusted averages for both the winsorized
and full non-winsorized sample.

For one hectare of farmland, the mean WTP for custom hire plowing, 28,409 CFA ($47.94), is
36% higher than the mean rental cost of 20,833 CFA ($40.17). The average WTP for custom hire
plowing services for those not currently using those services is 33,762 CFA ($56.97) and higher
than the average WTP for the service for existing users (28,820 CFA or $48.63). While the
elicitation method here is subject to hypothetical bias common to all WTP studies that lack
incentivized mechanisms (e.g. like Becker-de Groot-Marschak auctions), respondents would need
to be signficantly overstating valuation for the mean rental rates to exceed average valuations.

Irrigation users across all provinces are willing to pay substantially more for custom hire plowing
services—nearly triple those not currently irrigating. The average WTP for irrigating households
(50,356 CFA, or $84.97) more than doubled the mean rental rate, while WTP for non-irrigators
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(23,803 CFA, or $40.17) exceeded the mean rental rate by less than 15%. Furthermore, the
difference in stated demand between self-identified very poor and very wealthy respondents is low.

Table 7. Unadjusted and Adjusted Average WTP for Machine Rental by Province (CFA/hectare).
OLS with Winsorized Observations

Item
Pooled Kenedougou Houet Tuy
Unadjusted mean for all households Hyn/ onTch HH(CT HTCCO
Unadjusted mean for non-users of tractors 00TCH My000 nprpp HTPTP
Unadjusted mean for users of tractors HTYHN OngHY HApcn HTCYY
Adjusted means
Adjusted at mean of all variables 27360 OMMNH HIpMN HCpM
Used irrigation 50356 pcHon nncpn pnjnc
Did not use irrigation 23803 HBCTY MygT HMopn
Did not use irrigation and number of adults at median 23650 Hpncp MynTp HIIYH
Self-assigned income groups
Very poor 30737 36463 26907 30541
Poor 26655 31511 23443 23740
Wealthy 27551 29753 24735 28882
Very wealthy 28100 34814 25644 20793

All WTP measures winsorized, with largest 1% of observations top coded at the 99 ™ percentile. Pooled means are
averaged over the entire sample. All values in CFA. World Bank official exchange rate for 2016 in Burkina-Faso was
81USD = 591.61 CFA or 1 CFA = $0.002 USD. Source: Authors' computation from household survey.

Further investiagtion of the distribution of WTP provides insight into the proportion of farmers
currently willing to pay market rates for mechanized plowing services. The median WTP of 20,000
CFA ($33.75) was 80% of the median custom hire rate (25,000 CFA, or $42.19). Median WTP for
irrigators and non-irrigators was identical. Exactly one-third of the sampled farmers reported a
WTP at or above the median rental rate. Among those not currently using a tractor for plowing, that
number drops to 28%.

Thus, even at prevailing prices, nearly three in 10 farmers were willing to use machine power for
plowing, but unable to do so. In fact, were prices to fall by 20%—which would bring the cost
closer to nearby Northwestern Nigeria (Diao, Silver, and Takeshima, 2016) —59% of those
currently using a tractor for plowing would have a WTP above the median rental rate. That
suggests supply constraints are a key source of lagging mechanization in the HBR. Thus, while
information or sensitization-based campaigns may be useful in further improving demand, farmer
responses suggest that further stimulating demand is likely insufficient to increase mechanization
rates.

While most farmers either owned and operated their own threshing machines or did not use
mechanized services, a small portion of the sample (n=37) received threshing services in the rental
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market. Reflecting their wide penetration in the survey area, median WTP for threshing machine
services exceeded reported rental costs in all three provinces. Overall, median rental rates were
56% of the median WTP.

Determinants of Demand for Custom Hire Tractor Plowing Services

We estimate the determinants of stated WTP for custom hire tractor plowing services. The distribution of
WTP for custom hire tractor plowing is highly variable across the 888 households that responded with
potentially large outlier values. In order to limit the influence of these outliers, assess the sensitivity of
the results, and provide evidence on the importance of various determinants across the distribution of
WTP, we estimate the determinants using three emprical specifications. In the first approach, we estimate
the determinants of WTP using an OLS which, as before, are top-coded at the 99" percentile. We name
this base model the winsorized approach. In the second approach, we transform the dependent variable
using the inverse hyperbolic sine (IHS) transformation and assess the consistency of the cofficient
estimates. For both approaches, we run the estimation for the pooled sample, as well as seperately for
existing tractor users and non-tractor users. Results of these first two approaches are included in Table 8.
We report in Table A3 of the Appendix the winsorized OLS and IHS model of WTP estimated without
controlling for self-identified wealth group to provide insight on how controlling for the latter impacts the
reported estimates. The diagnostic tests for multicollinearity were performed on the winsorized OLS
model. We report variance inflation factor (VIF) in Table Al of the Appendix. None of the independent
variable exhibits a VIF greater than 10. All estimation tables report heteroscedasticity robust standard
errors.

As a robustmess check, we estimate quantile regressions as a third approach. Quantile
regressions permit us to estimate relationships between covariates and the WTP outside the mean of
the data. We estimate the quantile regressions at the median (model 1), lower 25% (model 2), and
lower 75% (model 3) to uncover how estimates change along the WTP distribution. Results are
reported in Table 9.

From Table 8, basic demographic factors, such as household head age and educational and native
status, did not appear to signficantly influence demand. These coefficient estimates are both small
and insignicant in the linear and IHS specifications. The size of the livestock herd has an expected
negative effect on WTP—Ilivestock can substitue for machine power—but the coefficient is
estimated imprecisely.

Notably, we find that having proportionately more females and children has a large and negative
effect on a household head’s reported WTP for plowing tractor rental. This is suggestive of gender
discrimination in valuation of women’s time use, as a lower perceived shadow value of female time
may make males less willing to adopt household labor saving technology. The direction of the
results echoes, to some extent, the gender differences observed by Chiwaula et al. (2018) in WTP
for capital-intensive agricultural technologies in Malawi.

The robustly negative relationship between number of children and demand in both the pooled
and non-using sample, taken together with lower machine utilization rates for households with
more children, suggests households view child labor and mechanization as substitutes. Thus, high
rates of child labor in agriculture in Burkina Faso may contribute to low willingness to adopt
mechanization more widely.
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Table 8. Winsorized and Inverse Hyperbolic Sine (IHS) Estimates of the Determinants of WTP for Custom Hire Tractor Plowing Services.

WTP Winsorized at 99" Percentile [HS of WTP
Variables Pooled  Machine Non-users of Pooled  Machine Non-users of
Users Machines Users Machines
Age of household head 90.21 -36.04 113.9 0.004 0.009 0.004
-127.6 -335.5 -131.8 -0.004 -0.007 -0.004
Native vs. migrant (native =1) 2,597 -6,467 2316 0.084 -0.253 0.101
-3,003 -15,745 -2,805 -0.081 -0.286 -0.081
Remittance received -4,801%* -16,098* -3242 -0.212%* -0.616%* -0.155
-2,101 -9,098 -2,103 -0.096 -0.277 -0.098
Self-assigned income group (omitted=very poor)
Poor  -6,059 -- -4.927 0.03 -- 0.069
7,647 -- 7,555 -0.191 -- -0.191
Wealthy  -7,912 9,610 -7,688 0.132 0.311* 0.151
7,366 -8,809 -7.225 -0.189 -0.172 -0.188
Very wealthy — -5,548 12,680 -8,523 0.143 0.345 0.0468
-7,622 -23,672 -6,832 -0.22 -0.371 -0.219
Land area farmed (maize) (ha) -1,265%%* 31.38 -1,379%%* -0.060* -0.015 -0.069%**
-436.8 -3,075 -448.1 -0.024 -0.05 -0.026
Land area farmed (maize) (ha ) - squared 40.34%* -9.666 46.32%* 0.002%* 0.001 0.002%**
-16.81 -81.76 -18.63 -0.001 -0.001 -0.001
Land area farmed (non-maize) (ha) 980.6%** 120.7 1,009%** 0.009* -0.008 0.010*
-188.5 -406.3 -197.4 -0.005 -0.01 -0.005
Practiced some gardening -4,542%* -9,990 -3,510 -0.07 -0.188 -0.049
-2,114 -14917 -2,140 -0.083 -0.225 -0.089
Used irrigation 26,553***  79476%* 21,508%** 0.425%%* 1.487%** 0.324%*
-5,240 -35988 -4.323 -0.157 -0.547 -0.154
Female ratio in household -19,344%*  -56,723* -19,096** -0.169 -0.562 -0.18
-9,080 -32,715 -9.416 -0.298 -0.57 -0.309
Adult (age >15) number 71.15 323.1 -205.7 0.016%* 0.005 0.01
-222.3 -445.6 -195.4 -0.007 -0.009 -0.008
Child (age <=15) number -767.6%** 159 -655.4%** -0.018** 0.014 -0.014
-209 -459.3 -204.6 -0.008 -0.01 -0.01
Livestock units (excluding poultry) 15.77 170 -26.62 -0.001 0.004 -0.002
-45.14 -296 -45.81 -0.002 -0.005 -0.003
Household head attended primary school 789.7 3,049 548.8 -0.044 0.2 -0.057
-2,167 -11,895 -2,064 -0.073 -0.189 -0.077
Access to credit 2,997 1,019 3,895% 0.243%%* -0.099 0.259%**
-2094 -11478 -2,048 -0.08 -0.229 -0.082
Uses improved seed 4,715%* 5,068 3,794* 0.111 -0.012 0.095
-2,076 -11,573 -2,104 -0.091 -0.183 -0.097
Province (Omitted = Kenedougou)
Houet -9,439%* 39,004 -9,667*** -0.36%** 0.33 -0.344%%*
-2,127 -28,871 -2,095 -0.091 -0.45 -0.093
Tuy -8, 712%* -3,520 -6,585%* -0.205%* -0.602%* -0.133
-3,079 -17.818 -3.264 -0.101 -0.272 -0.118
Constant 41,404%%%  38534% 41,318%** 10.56%** 10.76%+* 10.57#%%
-11,525 -20,125 -11,763 -0.275 -0.449 -0.285
Average WTP (CFA) 28409.07  38569.02 27319.59 33797 31571 54557
Observations 803 83 720 803 83 720
R-squared 0.233 0.41 0.261 0.087 0.585 0.078

Dependent variable in all regressions is WIP for custom hire tractor plowing services. In the first three columns, the dependent variables are winsorized (top coded)

f variable is trans

at the 99" percentile. In the last three columns, the
sers of machines for both winsorized and IHS

1 via IHS. Separate estimates obtained for the pooled sample, machine users and
The exchange rate is 1 CFA = $0.002 USD. Tractor user and non-user subsamples (columns 2 and

3) are based on definitions in Table 4 for plowing activities. See Table I for additional information on variables used for coefficients. Robust standard errors in

parentheses *** p<0.01, ** p<0.05, and * p<0.1.
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Table 9. Quantile Regression Estimates of WTP for Renting Tractor for Plowing.

Model 1 (Median Regression) Model 2 (25" Percentile) Model 3 (75" Percentile)
Variables Pooled Machine Non-users Pooled Machine Non-users Pooled Machine  Non-users
Users  of Machine Users  of Machine Users  of Machine
Age of household head 29.18 333.5%* 19.06 20.35 129 10.51 145.5%%% 271.1 121.3%*
-17.79 -165.3 -14.21 -17.53 -133.9 -13.09 -53.44 -472.4 -56.96
Native vs. migrant (native =1) 600.5 -1,575 457.6 784.7*% -5,716 406 2,620%* -8414 2,073
-424.7 -7,869 -444.4 -447.3 -4,830 -442.2 -1,220 -8.486 -1,398
Remittance received -1,023%** -7,154 -824.0%* -421.7 -6,297 -115 -3,850%** -10,886 -3,553 %%
-366.5 -6,011 -378.1 -583.9 -5228 -390.2 -994.6 -12,569 -969.1
Self-assigned income group (omitted=very poor)
Poor 794.2* 956.5 3133 98.11 307 -1,201
-440.6 -769.4 -880.6 -752.9 -3387 -3256
Wealthy 1,334 7,739 1,127 985.9 4410 367.8 638.6 14,485 -422.3
-471 -5,752 -808.5 -846.6 -3,909 -761.4 -3,376 -6,813 -3275
Very wealthy 3,338%k* 5,056 3,124 1,322 8,014%* 85.4 1,264 4,830 -1352
-838.7 -11,150 -1,149 -1,149 -3,386 -939.9 -3457 -8204 -3,395
Land area farmed (maize) (ha) -149.3 -1,045 -164.5%*% 2.251 -580 -0.148 -247.4 -1,168 -333.8
-100 -694.2 -59.96 -122.3 -752.6 -158.2 -241.5 -1,691 -399.1
Land area farmed (maize) (ha) - squared 4.6 22.49 5.630%** -2.507 13.96 -2.299 7.722 21.12 13.33
-3.671 -16.27 -2.131 -3.855 -18.9 -6.666 -11.38 -43.12 -20.49
Land area farmed (non-maize) (ha) 50.7 -104.6 27.57 -103 -227.5%% -123.5 1,004 -181.9 1,029%**
-99.11 -190.5 -69.56 -94.74 -113.5 -174.1 -216.3 -455.8 -331
Practiced some gardening -1,299%** -6,893 -1,483%%% -508.9 -1,900 -84.9 -1,751% -8,844 -460.3
-396 -6,510 -452.9 -436.7 -4,806 -299.9 -1,025 -11,446 -1,092
Used irrigation 6,053 32,585 3291 -1,765 9,111 -2,125 46,544¥%* 203, 711%  43,188%**
-4.338 -96,895 -2413 -1,520 -17,526 -1,702 -8,220 -106,800 -9.442
Female ratio in household -3,561%** -10,595 2,322+ 60.94 745.8 -845.5 -6,083* -21,904 -7,734*
-1225 -17910 -1,078 -1,603 -14,838 -1,141 -3,560 -33,640 -4,005
Adult (age >15) number 93.1 -9.778 27.13 132.4%%* 113.4 60.34 56.71 -41.48 -118
-56.74 -321.7 -40.83 -43.1 -182 -56.54 -147.3 -553.3 -190.3
Child (age <=15) number -143.1%%% 68.41 -79.02 -27.22 188.7 7.428 -475.9%%* 2329 -448.1%4*
-54.39 -300.7 -54.88 -44.28 -261.3 -56.81 -143.2 -703 -160.7
Livestock units (excluding poultry) -15.93%* 147.6 =21 6.214 64.28 1.73 -2.951 101 -47.44
-7.558 -118.6 -12.9 -14.59 -62.23 -12.02 -37.2 -246.8 -47.91
Household head attended primary school 24.47 6493 124.9 -728.7% -1,025 -383.5 276.6 7315 723.6
-363.6 -5,055 -268.8 -400.6 -4,284 -438 -1,193 -13,077 -1,303
Access to credit 1,239%* -1,093 1,113%% 372.8 -1,583 216.5 1,445 3352 2,200
-485.2 -5,531 -348.8 -460.3 -4,019 -420 -1216 -9,531 -1,480
Uses improved seed 1,091%* -2,955 1,111 1,998%** -1,484 3,118%#* 2455% -2,013 1,590
-430.2 -4,684 -328.3 -471.7 -2,767 -497.3 -1437 -8,521 -1,055
Province (Reference = Kenedougou)
Houet -4,081 %+ -13,836 -3,693*%** 3 76]%+* -14,539* -4,502%%% - _11,722%** -6475 9,834k
-536.9 -13,553 -388.6 -517.2 7,510 -594.2 -2,533 -18,705 -2430
Tuy -1,053 26,318+ 163.7 -890 17,998+ 425.8 -10,150%%* - -3]1,738%xx 7 45Tk
-674 -8,096 -369.5 -828.9 -3967 -931.3 2,773 -9,154 2,796
Constant 19,737#%%  35967+* 19,443%%%  14,689%**% 29 4]3%k*  ]5730%k* 27 ]76%+* 52,045% 29,787#+%
-1,132 -13,607 -980.8 -1,620 -9,707 -1,285 -5,077 -30,033 -4,813
Average WTP (CFA) 33797 31571 54557 33797 31571 54557 33797 31571 54557
Observations 803 83 720 803 83 720 803 83 720
Dependent variable in all regressions is WIP for custom hire tractor plowing services. Each model is a separate quantile sion estimate at the ¢ ional median (model 1), lower

25% (model 2) and lower 75% (model 3). See Table 1 for additional information on variables used for coefficients. Separate estimates obtained for the pooled sample, machine users
and non-users of machines for all models. The exchange rate is 1 CFA = $0.002 USD. Tractor user and non-user subsamples (columns 2 and 3) are based on definitions in Table 4 for
plowing activities. Robust standard errors in parentheses *** p<0.01, ** p<0.05, and * p<0.1.
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Remittances negatively and significantly affect the WTP for tractor services. Earlier, we found
that remittance receivers were also less likely to rent machines. Benefiting from remittance reduces
the WTP by about 5,000 CFA for an average respondant. However, this effect reaches 16,000 CFA
for tractor users, or a roughly 62% reduction in the IHS specification. The suprising finding that, in
HBR, remittance reception drives farmers away from machine use appears counter to the
conventional wisdom that such households would be early adopters of these services, given that
they are assumed more likely to be labor constrained and less likely liquidity constrained. One
possibility is that the negative relationship highlights the degree to which farm specialization is
important, as perhaps non-remitting households are more likely to be fully specialized farm
enterprises with higher demand for machinery. However, further research needs to be conducted in
order to shed more light on the remittance effect on mechanization.

While farm size appears to influence tractor demand, the relationship depends on crop type. Each
additional hectare of maize decreases the WTP by over 1,200 CFA for the pooled and non-using
samples. In contrast, non-maize acreage significantly increases demand by approximately 1,000
CFA in both the pooled and non-using samples. Thus, while use of tractors is increasing in smaller
sizes of maize farms, tractor demand is associated with larger non-maize farm sizes. The
dependence of the relationship to crop type may also explain the strong influence of irrigation on
demand because irrigation greatly increases demand in all subsamples. In fact, relative to non-
irrigators, irrigation increases WTP for custom hired plowing by 26,553 CFA in the pooled sample,
or an estimated 43% as estimated in the IHS specification. The importance of crop type and
irrigation echo a strand of the literature that argues that mechanization development occurrs in
areas that shift to permanent cultivation (Pingali, 2007).

Further, households that use improved seed also have signficantly higher demand, with the
magnitude of the estimate about a fifth of the pooled sample mean. This result is stricking for
households in the first and second quantile of the WTP distribution (Table 9) and suggests interest
in using mechanized services is positively correlated with technology adoption in other areas. In
addition, while self-reported credit access is positively related to stated demand for mechanized
plowing services, the estimate is only significant for non-users of machines.

Farmers in both Houet and Tuy are willing to pay less for tractor rental in comparison to those in
Kenedougou. While the magnitude of the difference is significant for both provinces, it is smaller
in Houet, where tractor use is least prevelant, and driven by non-users in both areas.

In Table 9, we estimate quantile regresssion models of WTP at the conditional median (model 1),
25™ percentile (model 2), and 75™ percentile (model 3) to assess how the estimates change along
the WTP distribution.

We note first that the median regression reveals several important insights. First, in contrast to
the null results of the linear model, the pooled model estimates the expected positive, significant,
and smoothly increasing relationship between demand and self-described income. The relationship
with self-described income at the first quantile is similarly smooth, albeit not statistically
significant, suggesting the null relationship in the linear model was perhaps driven by the higher
end of the distribution.
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Second, also in contrast to the linear model, the relationship with the number of animal units has
the expected negative sign in the median regression model. Thus, a household with more livestock
is associated with a lower median willingness to pay for mechanized services. Third, the negative
estimated relationship of WTP with remittance receipt, the number of children, and the density of
female household composition from the linear models is robust to the median regression
specification. Similarly, access to credit and use of improved seed are positive predictors of WTP
in both models.

Turning to the estimates at the lower (model 2) and higher (model 3) conditional quantiles
reveals that the key role of farming characteristics in the linear estimations are driven by the top of
the distribution. Specifically, irrigation use has a very high and sigificant effect on WTP at the 75%
percentile, but weakly positive effect at the median and weakly negative effect at the 25"
percentile. Among the pooled sample, the same pattern holds for non-maize farm size. That
suggests that irrigators, in particular, are likely driving the top end of the distribution of stated
demand. Crucially, this is true even of current non-users of machines, indicating high unmet
demand among this group of farmers.

Conclusion

Livelihoods in Burkina Faso rely heavily on agriculture and most farming activities are performed
without machine power. The reliance on manual tools contributes to low on-farm labor and land
productivity. Household farm labor allocation and micro-level tractor ownership, rental, and usage
data remain scarce. For effective, evidence-based policy, mechanization demand at the household
level must be known. The current study helps fill that gap by assessing agricultural mechanization
use and demand in the HBR using baseline survey data from the ASMC project.

We find that, while animal-drawn equipment for plowing was most common, four-wheeled
tractors were used by nearly 10% of farmers. For harvest-related activities, tractor penetration
nearly doubled. Non-users of mechanization tended to have more children in their households,
suggesting they compensate by using more child labor. Further, the mechanization of post-harvest
activities (threshing and winnowing) was high, indicating widespread existing penetration of small
engine technologies in agriculture.

While a minority of farmers used tractor services, many more were willing to pay for services at
or near market rates. Nearly 30% of farmers not currently using machine plowing expressed
demand levels at or above prevailing prices. More than half of farmers have stated demand at levels
above the rental rate in neighboring Nigeria. That suggests supply constraints—rather than lack of
interest or familiarity with machines—remain a major factor in restricting existing tractor usage.
Regression results show farmers receiving remittances, operating garden plots, and living in
households with proportionately more children and women had lower demand for tractor services.
However, current use of improved seeds, access to irrigation, and larger non-maize plots were
positively linked to higher household demand. The results were robust to differences in functional
form, and we use quantile regressions to shed light on how estimates change across different
quantiles.
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Based on these findings, policy makers concerned with slow growth in custom hire services for
tractors in Burkina Faso should remain concerned with constraints in supply. Conditions and
policies that raise the cost of operating custom hire businesses—such as import duties on tractors
and tractor parts, poor road networks, and high costs of capital or lack of financing—reduce the
likelihood that farmers will be able to avail themselves of labor-saving mechanized services. Given
the high correlation of use and demand with the number of children in a household, further
expansion of tractor access may have important welfare and development impacts as well. Further
studies that disentangle the links between the gender and age of household labor and mechanization
adoption would further contribute to understanding this important channel.
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Appendix

Table Al. Variance Inflation Factors of Covariates Used in WTP Estimation.

Variable VIF 1/VIF
Household head age 1.18 0.847889
Native vs. migrant (native =1) 1.16 0.861283
Remittance received 1.04 0.961996
Self-assigned income group
Poor 4.97 0.201086
Wealthy 4.99 0.200551
Very wealthy 2.48 0.40372
Corn acreage 9.77 0.10237
Corn acreage - squared 8.76 0.114207
Non-corn acreage 1.27 0.785934
Practice some gardening 1.91 0.52432
Use some irrigation 1.7 0.586516
Female ratio 1.02 0.981461
Adult (age >15) number 2.18 0.459266
Child (age <=15) number 1.81 0.551297
Number of animal unit 1.61 0.621523
Head of household attended formal primary school 1.14 0.878481
Access to credit 1.17 0.855421
Uses improved seed 1.12 0.891534
Province (Reference = Kenedougou)
Houet 1.65 0.607426
Tuy 1.42 0.703046

Mean VIF 2.62
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Table A2. Unadjusted and OLS-Adjusted WTP for Renting Machine, by Province (CFA/hectare) T Refers to Table 7.

OLS with Actual Observations OLS with Winsorized Observations
ftem Pooled Kenedougo Houet Tuy Pooled Kenedougo Houet Tuy
Unadjusted means 33797 39287 27121 35827 28409 34769 22967 27663
Unadjusted means for non-users of tractor 56489 18333 45455 65311 33762 18333 45455 27575
Unadjusted means for users of tractor 31301 39490 25159 27688 27820 34928 20560 27688
Adjusted Means
Adjusted at mean of all variables 33214 36132 29256 35183 27360 31442 24514 26051
Used Irrigation 75894 82140 66627 81316 50356 56230 44650 50906
Did not use irrigation 26612 32858 17345 32033 23803 29678 18097 24354
Did not use irrigation and adult number at median 32000 39450 18783 41738 23650 29465 18075 24082
Self-assigned income groups

Very Poor 74437 83178 64309 89125 30737 36463 26907 30541
Poor 28896 32313 23503 30394 26655 31511 23443 23740

Wealthy 30277 31349 24452 36980 27551 29753 24735 28882
Very Wealthy 39942 47080 37563 26826 28100 34814 25644 20793

Upper 1% observations of the WIP are top coded. We considered the World Bank official exchange rate for 2016 in Burkina-Faso
(https://data.worldbank.org/i PA.NUS.FCRF. A Iy, $1USD = 591.61 CFA or 1 CFA franc = $0.002 USD. Source: Author computation from household
survey.
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The Role of Research and Development in
Shaping Agricultural Labor and Land Productivity in
Colombia: 1981-2016

Juan P. Taramuel, Wanki Moon, Scott D Gilbert, and C. Matthew Rendleman

Colombia appears to be aligned with the normal path of economic transformation given
that the share of agriculture has decreased and the non-agricultural sector has become
dominant in the economy. In the process, the agricultural sector was expected to increase
its productivity. However, Colombian agricultural productivity growth has been slow and
has lagged compared with other Latin American countries. This paper employs
cointegration and vector error correction (VEC) models to analyze the impact of
agricultural research and development spending and other factors on agricultural output,
labor, and land productivity in Colombia for the period 1981-2016. The Johansen
cointegration test suggests that there is a long-run relationship between R&D spending
and agricultural output and land productivity in Colombia. The downward trend in R&D
spending observed in recent years in Colombia should be reversed to promote agricultural
and economic development through improvements in agricultural productivity.

Key words: Agricultural R&D, Colombia, Partial Factor Productivity

The economic growth theory proposed by Rostow-Kuznets indicates that as an economy grows, the
shares of the agricultural and industrial sectors decline, and it moves toward a service-based
economy (Shaffer, Deller, and Marcouiller, 2004). At first glance, Colombia has been following the
normal path of economic transformation. As shown in Figure 1, the service sector has become an
even more dominant sector in the Colombian economy with its contribution to GDP increasing
from 45.2% in 1965 to 59.1% in 2010 (Clavijo, Vera, and Fandifio, 2013). The manufacturing
sector dropped from 21.1% to 14.2% and the agricultural sector from 27.8% to 8.1%. However,
research suggests that the structural transformation has not been very healthy in Colombia. For
example, Clavijo et al. (2013) show that Colombia has exhibited a premature deindustrialization
due to the energy-mining boom since the late 1970s. Further, agricultural productivity growth in
Colombia’s agriculture has been low relative to other Latin American and Caribbean (LAC)
countries including the Andean states (Ludena, 2010; Nin Pratt et. al., 2015; Pfeiffer, 2003). These
characteristics of Colombian economic growth diverge from the Rostow-Kuznets economic growth
theory which expects that agricultural productivity grows as its share declines.

The poor agricultural performance in Colombia has been associated with the following factors:
(i) the lack of formality and security of land tenure in Colombia, which has led not only to

Juan P. Taramuel is a former graduate student in the Department of Agribusiness Economics at Southern
Illinois University, Carbondale. Wanki Moon is in the program of agribusiness economics in the School of
Agricultural Sciences at Southern Illinois University. Scott D Gilbert is in the program of economics in the
School of Analytics, Finance and Economics at Southern Illinois University. C. Matthew Rendleman is in the
program of agribusiness economics in the School of Agricultural Sciences at Southern Illinois University.
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expansion of illegal crops, but also to high levels of land concentration (Berry, 1995; Mufioz-Mora,
Tobon, and D’Anjou, 2018; Organisation for Economic Co-operation and Development (OECD),
2015); (ii) inadequate agricultural infrastructure (Bravo-Ortega and Lederman, 2004; Lozano-
Espitia and Restrepo-Salazar, 2016); (iii) political instability, armed conflict, inappropriate trade
policy, and macroeconomic mismanagement (Jiménez, Abbott, and Foster, 2018). In addition to
them, typically in developing countries, lack of investment in research and development (R&D) in
agriculture represents a major impediment to agricultural development. Researchers have shown
that R&D plays an important role in determining agricultural productivity in the short- and long-run
in many countries across the world (Fére, Grosskopf, and Margaritis, 2008; Khan et al., 2017,
Makki, Tweeten, and Thraen, 1999). While there are studies analyzing the role of R&D
expenditures at the regional level in Latin America (Alston et al., 2010; Echeverria, 1998; Stads
and Beintema, 2009), few studies have focused specifically on Colombian agriculture (Beintema,
Romano, and Pardey, 2000; Junguito, Perfetti, and Becerra, 2014).
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Figure 1. GDP by sector in Colombia, 1965-2010.
Source: Clavijo et al. (2013).

The primary purpose of this paper is to shed light on the impact of public R&D spending on
agricultural growth and partial factor productivity (PFP) in Colombia. In particular, this paper aims
to estimate the long-term relationship between R&D expenditures and agricultural productivity
growth in Colombia. In consideration of the time-series properties of our data including agricultural
output and productivity growth and R&D expenditures between 1981 and 2016, we conduct tests
for stationarity of variables and use cointegration models. The rest of the paper is organized as
follows. Section 2 presents a literature review illustrating the role of agriculture in economic
development, determinants of agricultural productivity/output, agricultural productivity, and R&D
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spending trends in Colombia. Section 3 presents data for the variables used in this study and their
trend over time. Section 4 presents empirical models and estimation results. Section 5 highlights the
role of the state in improving agricultural productivity in Colombia.

Agricultural Growth, Productivity, and R&D Spending

The early literature in economic development relegated agriculture to a mere provider of surplus
labor to the urban manufacturing sector (Lewis, 1954). Yet, Johnston and Mellor (1961) showed
that agricultural growth is important for economic development in consideration of the following
critically important five roles it performs: (i) ensuring food supply; (ii) releasing labor; (iii)
expanding market for industrial production; (iv) increasing supply of domestic savings; and (v)
providing foreign exchange. Agricultural growth may come from using more inputs (e.g., land) or
from improving productivity. Researchers highlight the importance of the latter as a way of
achieving overall economic development along with agricultural growth and poverty reduction
(Ivanic and Martin, 2018; Ruttan, 2002; Self and Grabowski, 2007).

The fact that agricultural production is subject to weather and climate conditions constrains
productivity growth and makes it distinctive from other economic activities (Timmer, 1988). Farm
price volatility and uncertainty could also discourage agricultural production. Yet, such intrinsic
limitations in improving agricultural productivity can be overcome by making modern agricultural
inputs available to farm producers and providing institutional/physical infrastructure indispensable
in facilitating transactions in input and output markets. Particularly in countries at early stages of
economic development, farm producers can improve their productivity simply by using more
modern agricultural inputs such as fertilizers or higher-yielding varieties of seeds. In the longer run,
investments in R&D for developing productivity-enhancing inputs or adapting inputs/technologies
developed elsewhere to local growing conditions would be needed for improving agricultural
productivity.

Agricultural growth could be promoted through four stages (Johnston and Mellor, 1961): first,
creating the preconditions for agricultural takeoff such as improvements in land property rights,
access to markets for agricultural outputs, and an adequate institutional environment for adoption of
modern inputs (e.g. seeds, fertilizers, machines); second, encouraging labor-intensive and capital-
saving practices in countries at an early stage of economic development; third, providing
complementary inputs that encompass agricultural R&D, rural extension-education, agricultural
credit, marketing facilities, and rural development agencies; finally, implementing capital-intensive
and labor-saving strategies through investments in mechanization, chemical, and biological
innovations.

At the global level, agricultural output grew on average by 2.24% annually between 1961 and
2014 (Fuglie, 2018). During the same period, agricultural labor and land growth rates show a lower
growth rate, particularly in the period 2001-2014. Agricultural output per worker (labor
productivity) grew by 1.31% per year between 1961 and 2014, and, in particular, it accelerated at
2.84% per year during 2001-2014. Growth rate in output per hectare of agricultural land (land
productivity) averaged 2.04% per year, and it increased at 2.65% for the period 2001-2014.
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Developing countries show a higher upward trend in agricultural output growth (3.34% per year)
compared to developed countries that registered a growth rate of only 1.19% per year between 1961
and 2014. Land productivity in developed countries grew by 1.43% per year between 1961 and
2014, but it slowed at 1.24% during 2001-2014 (Fuglie, 2018). In developing countries, land
productivity grew by 2.91% per year between 1961 and 2014, and it accelerated at 3.31% per year
particularly between 2001 and 2014. Labor productivity in industrialized nations grew by an
average of 4.12% per year during 1961-2014, but it decelerated at 4.02% between 2001 and 2014.
In developing countries, labor productivity grew 2.16% per year between 1961 and 2014, and it
accelerated to 3.55% particularly between 2001 and 2014. The growth rate in world agricultural
total factor productivity (TFP) was an average of 0.97% per year during 1961-2014, and it
increased to 1.71% per year particularly between 2001 and 2014 (Fuglie, 2018). It was associated
with a steady growth of agricultural output and a slowdown in growth rates of agricultural inputs—
mainly labor and land. In developed countries, agricultural TFP grew at an average of 1.61% per
year between 1961 and 2014, and it accelerated at 2.01% per year during 2001-2014. In developing
countries, agricultural TFP grew 1.36% per year over 1961-2014, and it increased to 1.93% per
year particularly over 2001-2014. The main source associated with the increase of agricultural TFP
in developing countries was higher investments in agricultural R&D.

At the regional level in Latin America, the average agricultural output growth was 2.51%
annually between 1960 and 2000 (Bravo-Ortega and Lederman, 2004). Agricultural growth in
Colombia was 2.58% per year, slightly higher compared to the average of the Latin American and
Caribbean (LAC) countries, although it was lower than Bolivia, Paraguay, Brazil, and Guatemala
that grew over 3.36% per year (Bravo-Ortega and Lederman, 2004). The U.S. Department of
Agriculture (USDA) (2018) also reported a similar growth rate in agricultural output for Colombia
at 2.5% per year between 1961 and 2015. Despite the seemingly good performance of the
agricultural sector, studies suggest that partial factor productivity (PFP) and TFP growth
performance in Colombia was not as good as in other LAC countries (Coelli and Rao, 2005; OECD
2015; Ludena 2010; Jiménez, Abbott, and Foster 2018). Although the growth rate in agricultural
productivity has been increasing in the last decades, it is low compared to other countries in the
region, including Brazil, Chile, Ecuador, and Peru (OECD, 2015; Pardey et al., 2010; Coelli and
Rao, 2005; Ludena, 2010; Pfeiffer, 2003; Nin Pratt et al., 2015; Bravo-Ortega and Lederman, 2004;
Jiménez et al., 2018). Agricultural TFP, labor, and land productivity in Colombia grew about 2%,
1.9%, and 2% per year, respectively. (Table 1 summarizes studies analyzing productivity growth in
Colombia).

Lozano-Espitia and Restrepo-Salazar (2016) show that lack of infrastructure (irrigation and
drainage systems, roads, storage and marketing facilities, electricity, and telecommunications) in
Colombia hindered the operation of markets, investment in agricultural projects, and agricultural
productivity growth. They report that the national coverage of irrigation districts in Colombia is
low (5.6%) compared to regional countries such as Mexico (66.1%), Chile (44.3%), Peru (40%),
Brazil (18.4%), or Argentina (14.7%). The quality and quantity of roads are not in good conditions
causing a low land use rate for crop production; only 12.7% of national roads are paved in
Colombia, lower than Mexico (36%), Chile (23%), and Argentina (23%). Likewise, the limited
access to marketplace centers from rural areas results from the deficient road infrastructure, which,
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in the long run, means higher transaction costs and higher travel time for farmers.

The majority of biological, mechanical, chemical, and information improvements in agricultural
production have been possible through public and private expenditures in agricultural R&D (Alston
et al., 2010; Piesse and Thirtle, 2010). These agricultural innovations have not only led to
overcoming technical inefficiency, but also to achieving technological improvement; therefore,
agricultural R&D expenditure has been associated with productivity growth in the short- and long-
terms (Alston et al., 2010; Fére et al., 2008; Khan et al., 2017; Makki et al., 1999; Piesse and
Thirtle, 2010).

Table 2. Definitions of Variables and Summary Statistics.

Variable Name Variable Definition Units Mean and SD Source
Thousands of dollars (constant 2004-

ss aericulturz +
Output Gross agricultural output 2006 international prices) $11,282,559 £ $2,531,713  USDA (2018)
R&D Public R&D spending Milions of doltars (constant 2011 $220.58 + $40.84 ASTI (2019)
international prices)
Thousands of dollars (constant 2004- Calculated based on
. +
Labor-p Output value per worker 2006 international prices) $3,191.53 + $577.74 USDA (2019)
Thousands of dollars (constant 2004- Calculated based on
Land-, h 2,795.97 + $1,051.1
and-p Output value per hectare 2006 international prices) $2,795.97 + $1,051.13 USDA (2018)
Cropland Arable land plus land in permanent crops  Thousands of hectares 4295.99 £ 730.76 USDA (2018)
i i S i S T+
Labor! Nufrxber of economically active adults in Thousands of people: + 15 years, 3500.88 £ 212.32 USDA (2018)
agriculture female + male
Fertilizer Consumption of N, P205, K20 Metric tons 609,963.89 + 179,724.10  USDA (2018)
Machinery Total Ska.Uf farm machinery in 40-CV CV=metric horsepower 26,609.01 + 5,141.57 USDA (2018)
tractor equivalents
Irrigation Area equipped for irrigation Thousands of hectares 821.14 + 227.08 USDA (2018)

; - - - ——
Labor refers to the number of people economically active in agriculture and who are over 15 years old.

There have been changes in the sources of investment in global R&D expenditures. For example,
in recent decades, middle-income countries as a whole have been investing more than high-income
countries (Pardey et al., 2016). The share of developed countries in global agricultural R&D
expenditures dropped from 69% in 1980 to 55% in 2011, while the share of middle-income
countries increased from 29% to 43%. Nevertheless, the agricultural R&D expenditure on a per
capita basis is much lower in low-income countries than developed countries. For instance, high-
income countries invested $17.73 per person, while least developed countries invested only $1.51
per capita in 2011. On the other side, there are differences in terms of the sources of investment
between middle- and high-income countries. In developed countries, research in biological,
chemical, and other technical innovations has been mainly led by private organizations, while in
middle-income countries, the public sector is still the main contributor to agricultural R&D (Pardey
etal., 2016).

In Latin America, agricultural R&D activity and spending mainly come from national
agricultural research institutes (Echeverria, 1998). The large- and medium-sized countries in Latin
America tend to have higher R&D expenditures and human capital (Stads and Beintema, 2009).
The investment in agricultural R&D in the region increased from $2.3 billion in 1981 (in 2005
purchasing power parity or PPP dollars) to $3.0 billion in 2006. In 2006, Brazil, Argentina, and
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Mexico accounted for roughly 75% of the region’s total spending in agricultural R&D and the same
countries hold 70% of agricultural scientists (Stads and Beintema, 2009).

Data

To fulfill the objective of this study measuring the impact of R&D spending on agricultural output
and productivity growth in Colombia, we collected data from two primary sources: the USDA and
the Agricultural Science and Technology Indicators (ASTI). Definitions of the variables used in
this paper and summary statistics are presented in Table 2. Gross agricultural output (Output) is the
sum of the value of production of 189 crop and livestock commodities. Public R&D spending
(R&D) is government expenditure in R&D activities within the agriculture sector. Labor
productivity (Labor-p) is calculated by dividing agricultural output by agricultural labor, and land
productivity (Land-p) is agricultural output divided by total cropland. Cropland (Cropland) refers
to arable land plus land in permanent crops. Agricultural labor (Labor) corresponds to adults
economically active in agriculture. Fertilizer! refers to the quantity of yearly fertilizer consumption.
Farm machinery (Machinery) refers to the total stock of machinery in 40-CV tractor equivalents.
Area equipped for irrigation (/rrigation) refers to agricultural areas purposely provided with water,
including land irrigated by controlled flooding.

Table 2. Definitions of Variables and Summary Statistics.

Variable Name Variable Definition Units Mean and SD Source
Thousands of dollars (constant 2004-

SS i +
Qutput Gross agricultural output 2006 international prices) $11,282,559 + $2,531,713  USDA (2018)
Milli f 2011
R&D Public R&D spending Millions of dollars (constant 20 $220.58 + $40.84 ASTI (2019)
international prices)
Thousands of dollars (constant 2004- Calculated based on
. +
Labor-p Output value per worker 2006 international prices) $3,191.53 + $577.74 USDA (2019)
Thousands of dollars (constant 2004- Calculated based on
2 a .97+ .
Land-p Output value per hectare 2006 international prices) $2,795.97 + $1,051.13 USDA (2018)
Cropland Arable land plus land in permanent crops  Thousands of hectares 4295.99 + 730.76 USDA (2018)
. . . . . o
Labor! Nur.nbcr of economically active adults in ~ Thousands of people: + 15 years, 3500.88 £ 212.32 USDA (2018)
agriculture female + male
Fertilizer Consumption of N, P205, K20 Metric tons 609,963.89 + 179,724.10  USDA (2018)
Machinery Total stock of farm machinery i 40-CV- 1 yiic horsepower 26,609.01 + 5,141.57 USDA (2018)
tractor equivalents
Irrigation Area equipped for irrigation Thousands of hectares 821.14 £ 227.08 USDA (2018)

! Labor refers to the number of people economically active in agriculture and who are over 15 years old.

As shown in Figure 2, agricultural output in Colombia shows an ascending trend in recent
decades except for 2009 and 2010. On average, Colombian agricultural production grew 2%
annually for the period between 1981 and 2016 (USDA, 2018). Agricultural labor and land
productivity in Colombia also show an upward trend; the output value per worker in Colombia
increased from $2,396 in 1981 to $3,965 in 2016 while the output value per cropland hectare
increased from $1,498 to $4,204 for the same period (Figure 3). The annual growth rate of
agricultural labor and land productivity averaged 1.6%, and 3.1 %, respectively, over the same
period.
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Figure 2. Gross agricultural output of Colombia, 1981-2016.
Source: USDA (2018).
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Figure 3. Agricultural labor and land productivity in Colombia, 1981-2016.
Source: Authors’ calculations based on USDA (2018).
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At first glance, the budget for the major institutions in charge of research, extension, and
education for crop and livestock industries in Colombia has increased in the last decades. The
combined budget of the Institute of Colombian Agriculture (ICA) and the Colombian Corporation
for Agricultural Research (CORPOICA) has increased from $9 million (in 1993 PPP dollars) at the
beginning of the 1960s to $68 million in 1998. The average annual growth of public expenditures
in agricultural research and development was 2.3% per year between 1981 and 2013 (ASTI, 2019).
However, the absolute value of agricultural R&D investments has declined. The decline has likely
been harmful to the growth potential of Colombian agriculture (Echeverria, 1998; Junguito et al.,
2014; Stads and Beintema, 2009). Figure 4 shows annual public spending in Colombia’s
agricultural R&D 1981-2013. It had a peak investment in 1985 of $352.44 million and it dropped to
$253.71 million in 2013 (ASTI, 2019). Agricultural labor in Colombia shows a slight increase from
3.2 million people in 1981 to 3.9 million people in 2016. Fertilizer consumption in Colombia has
been growing at 4% per year between 1981 and 2016 (Figure 5). It increased from 292,000 metric
tons in 1981 to 985,000 metric tons in 2016. The area equipped for irrigation in Colombia increased
from 420,000 hectares in 1981 to 1 million hectares in 2016 (Figure 6). The average annual area
equipped for irrigation grew at 3% per year 1981-2016.

400

Million 2011 PPP dollars

Figure 4. National spending in agricultural R&D in Colombia, 1981-2013.
Source: ASTI, 2019.
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Figure 5. Fertilizer consumption in Colombia, 1981-2016.
Source: USDA (2018).
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Figure 6. Area equipped for irrigation in Colombia, 1981-2016.
Source: USDA (2018).
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A particular aspect in the agricultural transformation in Colombia is the fact that its area of
cropland shows a gradual decrease from 5.2 million hectares in 1981 to 3.5 million hectares in 2016
(Figure 7). This fact might be attributed to two factors. First, despite the fact that new agricultural
land has been created due to high rates of deforestation, the cleared land has been devoted mainly
to the extensive grazing of beef cattle (Graesser et al., 2015; Krause, 2020). Second, historically,
Colombia has land use conflicts; specifically, there is an excessive use of land for grazing and an
insufficient use of cropland. For example, while 13% of agricultural land should be suitable for
pasture, the use in 2012 was about 31% of agriculture land. On the other side, cropland should
account for 19% of agricultural land, but the use in 2012 was about 5% of agriculture area (OECD,
2015).

The decline in cropland might be related to the situation of agricultural machinery in Colombia.
The total stock of farm machinery reached about 35,000 units (40-CV tractor equivalents) by 1987-
1988 but has since decreased. The total stock of farm machinery has leveled off to about 23,000
units between 1995 and 2016 (USDA, 2018) (Figure 8). Historically, crop production in Colombia
has been characterized by small-scale farming with low level of adoption of technologies and
equipment, with the exception of some crops such as sugar cane and rice (Jiménez et al., 2018).
Marin-Usuga, Causa, and Loaiza-Usuga (2016) argue that some agricultural policies have not
encouraged agricultural modernization; however, recent policies might help to counter historically
low investment in farm machinery and equipment through agricultural credit.
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Figure 7. Arable land plus land in permanent crops in Colombia, 1981-2016.
Source: USDA (2018).
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Figure 8. Agricultural machinery in Colombia, 1981-2016.
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Model Specifications and Estimated Results

Significant and positive effects of R&D on agricultural production have been reported in countries
with different stages of development and using distinct ways to measure productivity and to
quantify the impact of R&D on agricultural productivity. In the United States, Makki et al. (1999)
estimated that a 1% increase in public spending in R&D could increase agricultural productivity by
0.38% using an error correction model (ECM). In the same country, a cointegrating relationship
was established between U.S. agriculture growth and R&D expenditure, and an unidirectional
causality from agricultural R&D to productivity growth also was found (Fare et al., 2008). Similar
results were found in Australia by using ECM (Khan et al., 2017). Additionally, they found long-
term impact of public R&D investment and a potential spillover effect of international research
expenditures on domestic TFP growth. Suphannachart and Warr (2011) show that the social rate of
return in crop R&D is 29.5% in Thailand. Additionally, Nadeem and Mushtaq (2012) estimated
that marginal return rate to research in Punjab, Pakistan, is 73%, and a 1% increase in research
spending could result in 0.57% increase in agricultural TFP. Highlighting the high explanatory
power of public R&D investment in the UK agricultural TFP growth in the last decades, Thirtle et
al. (2008) argued that the rate of return (ROR) to R&D can vary depending on R&D lag structure;
that is, the ROR may range from 15% to as much as 71%. In short, these studies demonstrate the
significant role of R&D spending on agricultural productivity growth in various countries.
Building on the literature, we use the data described in the previous section to estimate the
following relationships linking agricultural output, labor, and land productivity to various
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explanatory variables in Colombia:

(1) Output = f(R&D, Irrigation, Cropland, Labor, Machinery)
2) Labor-p = f(R&D, Machinery)
3) Land-p = f(R&D, Fertilizer, Irrigation, Machinery)

We expect a long-run positive effect of agricultural R&D spending (R&D) on the three
dependent variables: gross agricultural output, agricultural labor, and land productivity (Khan et al.,
2017; Piesse and Thirtle, 2010). In the first specification, agricultural output (Output) in Colombia
is explained mainly by factors of production including Labor and Cropland, as well as the area
equipped for irrigation (/rrigation) and the total stock of farm equipment (Machinery). Historically,
growth in agricultural production mainly came from expansion in the cultivated area as well as
more agricultural workers. In the last decades, however, agricultural productivity has been related
to expansion in area irrigated, intensive use of technical inputs (fertilizer and crop chemicals) and
improved crop varieties (Ruttan, 2002; Timmer, 1988) The second and third equations deal with
agricultural labor and land productivity in Colombia, Labor-p and Land-p, respectively. We
hypothesize that Machinery, Fertilizer, Irrigation, and R&D play an important role determining
land productivity in Colombia.

We estimate the three equations using the double-log model specification, thus the estimated
coefficients representing explanatory variables’ relative impacts. Given the time-series nature of
our data, we use time-series econometric methodology that involves: (i) checking for stationary
properties of the variables; (ii) evaluating whether cointegration exists in the three specifications;
and (iii) estimating a vector error correction model. First, we evaluated the stationary and the order
of integration of the time series by using the Augmented Dickey-Fuller (ADF) test. Application of
regression analysis to nonstationary time series data would result in spurious relationships. We
found that the series are non-stationary in their levels, but they become stationary in first order
(Table 3). Second, given that empirical literature suggests that there is a long-term relationship
between R&D and agricultural productivity, we employ the Johansen cointegration test to evaluate
the presence of cointegration. Cointegration suggests a long-term relationship, implying that time-
series variables move in tandem (Makki et al., 1999; Suphannachart and Warr, 2011). In equation
(1), both the trace test and the max-eigenvalue test show two cointegrating equations at the 5 %
significance level (Table 4). In other words, the null hypothesis of no cointegration can be rejected
at 5% of significance. In equation (2), we did not find any cointegrating equation (Table 5). In
equation (3), the trace test indicates one cointegrating equation at the 5 % significance level (Table
6). The cointegration test results support the solid empirical and theoretical evidence linking R&D
spending and gains in productivity across various regions of the world (Fére et al., 2008; Khan et
al., 2017; Makki et al., 1999; Nadeem and Mushtaq, 2012; Suphannachart and Warr, 2011; Thirtle,
Piesse, and Schimmelpfennig, 2008). They also confirm the significant role of R&D spending in
determining agricultural productivity specifically in Colombia, a middle-income country in need of
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growing its agricultural sector to promote rural development as well as pave the way for upgrading
its economy to a higher level.

Table 3. Testing for Non-stationarity.

Variable Level [t-statistics | First Difference [t-statistics ]
In Output -0.59 -4.41%*
In Labor -1.56 -6.50%*
In Cropland -0.86 -5.20%*
In Machinery -1.91 -2.60*
In Fertilizer -1.52 -5.17%*
In Irrigation -2.22 -2.88%*
In R&D -2.97* -6.93%*
In Labor-p -0.98 -4.94%*
In Land-p -0.67 -4.90%*

All variables are in natural logarithms. * and ** denote the rejection of the null hypothesis at the 10%, and 5% level, respectively.

Table 4. Cointegration Test (Equation 1).

Series Tested: Lnoutput Lnresearch Lnirrigation Lncropland Lnlabor Lnmachinery

Hypothesized 5%

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Trace test

None * 0.745 126.24 95.75 0.01
Atmost 1 * 0.633 79.66 69.82 0.01
At most 2 0.552 45.58 47.86 0.08
At most 3 0.243 18.21 29.8 0.55
At most 4 0.177 8.71 15.49 0.39
At most 5 0.059 2.08 3.84 0.14
Max-eigenvalue test

None * 0.745 46.58 40.08 0.01
Atmost 1 * 0.633 34.09 33.88 0.04
At most 2 0.552 27.37 27.58 0.05
At most 3 0.243 9.5 21.13 0.79
At most 4 0.177 6.63 14.26 0.53
At most 5 0.059 2.08 3.84 0.14

All variables are in natural logarithms. **MacKinnon-Haug-Michelis p-values. * Rejection of the hypothesis at the 0.05 level.

Finally, we employ a vector error correction (VEC) model because it works based on the
presence of cointegration and stationarity of the variables under consideration. The VEC model has
been a useful econometric technique in studying the role of R&D on agricultural productivity
growth (Fire et al., 2008; Khan et al., 2017; Lee et al., 2017; Makki et al., 1999; Nadeem and
Mushtaq, 2012; Suphannachart and Warr, 2011). In using the VEC model, we incorporated lagged
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values of the variables. The lag length was based on Akaike and Schwartz Criterion and these two
statistics show that the optimum lag length is two for the three specifications. One component in
the VEC model is the error correction term, which refers to the one-period lagged value of the error
term from the cointegrating equation (Khan et al., 2017). Basically, it shows the validity of a long-
run equilibrium relationship among the analyzed variables in the cointegration analysis. Table 7
shows the test results for the VEC model of the three specifications.

Table 5. Cointegration Test (Equation 2).

Series Tested: Lnlabor-p Lnresearch Lnmachinery

Hypothesized 5%

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Trace test

None 0.388 28.03 29.8 0.07
At most 1 0.191 11.32 15.49 0.19
At most 2 * 0.112 4.08 3.84 0.04
Max-eigenvalue test

None 0.388 16.71 21.13 0.18
At most 1 0.191 7.25 14.26 0.46
At most 2 * 0.112 4.08 3.84 0.04

All variables are in natural logarithms. **MacKinnon-Haug-Michelis p-values. * Denotes rejection of the hypothesis at the 0.05 level.

Table 6. Cointegration Test (Equation 3).

Series tested: Lnland-p Lnresearch Lnirrigation Lnfertilizer Lnmachinery

Hypothesized 5%

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Trace test

None * 0.575 76.73 69.82 0.01
At most 1 0.518 47.58 47.86 0.05
At most 2 0.277 22.76 29.8 0.25
At most 3 0.227 11.71 15.49 0.17
At most 4 0.082 2.93 3.84 0.08
Max-eigenvalue test

None 0.575 29.15 33.88 0.16
At most 1 0.518 24.82 27.58 0.1
At most 2 0.277 11.05 21.13 0.64
At most 3 0.227 8.79 14.26 0.3
At most 4 0.082 2.93 3.84 0.08

All variables are in natural logarithms. **MacKinnon-Haug-Michelis p-values. * Rejection of the hypothesis at the 0.05 level.

Although the VEC approach shows a positive effect of R&D spending on agricultural output (b
=0.01), labor productivity (b = 0.05), and land productivity (b = 0.05); these coefficients were not
statistically significant. This finding could be explained by the fact that the effects of R&D are
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usually evident in the long-term, but in this study too few lagged periods were used due to data
constraints. Investment in R&D could take years to impact agricultural performance. Alston et al.
(2010) argue that the development of a new variety in crops might take 5 to 10 years and the peak
of benefits from an initial R&D investment would be reached in a 15 to 25 year range. Likewise,
Piesse et al. (2011) mention that the lag length on public R&D is usually long, taking 27 years as a
reference. The error correction term, in the VEC model, in the first and second specification was
statistically significant and negative (-0.60 and -1.24, respectively), suggesting that the equations
move towards a long-run equilibrium (Khan et al., 2017). The fact the error correction model is
statistically significant implies that R&D has some statistically significant role via its presence in
the VEC model. In contrast, it was not significant in the third equation (-0.08).

Table 7. VEC Results.

Variable D(Output (-2)) D(Labor-p (-2)) D(Land-p (-2))
Parameter [t-statistics | Parameter [t-statistics | Parameter [t-statistics |
ECM -0.6 -1.24 -0.08
[-3.96]*** [-3.56]** [-0.76]
D(Output (-2)) 0.44 - -
[2.07]** - -
D(Labor-p (-2)) - 0.64 -
- [ 2.68]** -
D(Land-p (-2)) - - -0.09
- - [-0.37]
D(R&D (-2)) 0.01 0.05 0.05
[0.36] [0.94] [0.07]
D(rrigation (-2)) 0.07 - 0.87
[0.33] - [1.79]
D(Cropland (-2)) -0.1 - -
[-0.93] - -
D(Labor (-2)) -0.49 -
[-2.84]** -
D(Machinery (-2)) 0.07 0.51 -0.33
[0.31] [1.18] [-0.61]
D(Fertilizer (-2)) - - 0.22
- - [1.29]
Constant -0.01 -0.01 -0.1
[-0.45] [-0.28] [-0.14]
R-squared 0.96 0.51 0.38
S.E. of regression 0.69 0.05 0.06
F-statistic 3.11%* 3.59%k* 1.13

All variables are in natural logarithms. ***, ** and * imply significance at 1%, 5%, and 10%, respectively. D stands for first difference.
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Discussion and Conclusions

Theoretical and empirical literature suggests that investments in R&D brought about biological,
mechanical, and technical innovations in agricultural production. Labor productivity growth mainly
depends on mechanical technology while land productivity growth depends on biological and
chemical innovations. Such technological changes prove to be the keys for agricultural
transformation, poverty reduction, and other economic improvements.

In Colombia, the agricultural R&D spending growth rate has been reduced and even turned
negative in recent years. Given that there is not much information about the role of agricultural
R&D in Colombian agriculture (Beintema et al., 2000; Junguito et al., 2014), this study aimed at
evaluating the role of R&D expenditures in determining agricultural output and productivity.
Specifically, this study used time-series models to estimate the effect of R&D expenditure and
other factors (land, labor, fertilizer, machinery, and irrigation) on agricultural output, labor, and
land productivity in Colombia for the period of 1981-2016. The Johansen cointegration test
suggests that there is a long-run relationship between R&D spending with agricultural output and
land productivity in Colombia. This result is in spite of the decreases in R&D spending during
some points in the study period of 1981-2016. However, the VEC approach did not confirm that
finding. The mixed results about the effects of R&D spending in the Colombian case may be
related to the particular way agricultural labor and land productivity were measured in our study.
Further research is needed using different sets of data and estimation techniques, and researchers
may quantify the impact of R&D on agricultural productivity in Colombia using more accurate
measurements of productivity such as total factor productivity (TFP), which is a more
comprehensive measure than the partial factor productivity measures (Rada, Helfand, and
Magalhaes, 2019). Moreover, in order to properly capture the long-run effects of R&D, it would be
desirable to use a longer time period. Additional control variables could be included such as
weather, and institutional- and infrastructure-related variables. Similarly, it should be useful to
analyze the influence of R&D on production efficiency at the disaggregate farm level. It is expected
that positive effects of public research spending at the farm level could justify greater agricultural
R&D budget allocation from the Colombian state.

Although this paper focused on examining the role of agricultural R&D, there are other factors
needed in order to fully realize the positive role of R&D spending in improving agricultural
productivity in Colombia. In particular, even though land reform efforts in the last decades have
increased rural plot size, decreased land inequality, narrowed landholding dispersion, and improved
human development, and political and institutional reforms are still needed, particularly in the
distribution of political power necessary to achieve a more equal income distribution and economic
growth (Faguet et al., 2016). Colombia is one of the regional countries with the highest amount of
land concentration (Guereiia, 2017). The unequal distribution of land is translated into social
inequality; that is, high land concentration is associated with hindrance in democratization,
investments in human development, and economic growth (Faguet et al., 2016). Therefore, political
and institutional improvements may be necessary to accelerate agricultural development in
Colombia. In addition, the improvement in physical infrastructure including roads, irrigation and
drainage systems, storage and marketing facilities, electricity, and telecommunications could be
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equally important. Evidence suggests that it would boost agricultural productivity, improve
operation of markets, and encourage investment in agricultural projects (Lozano-Espitia and
Restrepo-Salazar, 2016). For instance, changes in tertiary road design and maintenance could bring
new economic and social opportunities in rural areas in Colombia (Correa, 2017). The availability
of agricultural inputs such as machinery is also important. However, agricultural machinery in
Colombia increased until 1988 and then it suffered an abrupt fall (USDA, 2018). This situation
could have been a constraint in the transformation of Colombia’s agriculture. Therefore, the
government should facilitate the access to agricultural inputs including machinery, fertilizer,
improved seeds, and other agricultural technologies.

Since the above-mentioned factors are largely of institutional and public natures, the state is the
primary entity responsible for providing them. Agricultural R&D investment should be the
undertaking of the state, too. Colombia, as a middle-income country, is in need of sustained
economic growth through technological innovations so as to overcome the challenges in joining the
group of high-income countries. Agricultural growth through technological improvements should
be the precondition of such economic growth and the state has a pivotal role to play in the process.
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We estimate and compare technical efficiency (TE), technology gap ratio (TGR), and
meta-technical efficiency (MTE) of sorghum production between three groups of plots
which have been classified on the basis of the type of land property rights held by farmers
(formal land rights, customary land rights, and no land rights). Nationally representative
household data collected in 2011 in rural Burkina Faso are analyzed. The stochastic meta-
frontier approach is followed to address the heterogeneity of the technologies used by
sorghum farmers. The TE and MTE are estimated at 69% and 51.96%, respectively. It is
found that the group of plots held with formal land rights has the higher MTE and TGR,
implying that farmers use the best technology on these plots where they are more
efficient. This evidence may highlight the positive effect of land property rights security
in the adoption of better farm management practices stimulating production efficiency.
The results imply that sorghum farmers have the possibility of increasing their level of
production by 31% with the same resources. We argue that securing land property rights
by a well undertaken formalization process is one of the factors helping to stimulate this
possibility.
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Cereal production plays a central role in Burkina Faso agriculture which is essentially subsistence
based (Séogo and Zahonogo, 2019). The consumption of cereal products in this country represents
more than 60% of the population’s caloric needs and the share of sorghum in meeting these caloric
needs is estimated at an average of 19% (Ministére de 1’ Agriculture et de la Sécurité Alimentaire,
2012). Sorghum is also used in the production of alcoholic beverages such as local beer "dolo”
(traditional low-alcohol beer) and as food for animals. With an annual average harvest of more than
1,450,000 tons, sorghum is the most produced cereal crop in Burkina Faso and is grown in all
regions by more than 71% of farm households in the rainy season. In 2010, the national production
of sorghum was estimated at about 1,460,000 tons, representing 3% of the entire world production,
making Burkina Faso the fourth largest producer in Africa (Food and Agriculture Organization
(FAO), 2013). Sorghum is largely exported to Niger and occasionally to other countries such as
Chad, Ghana, and Nigeria.
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Despite this major contribution of sorghum cultivation to the economy, there has been a dramatic
shift in sorghum production over time. In addition to climatic factors that sometimes cause weak
agricultural performance, fertilization rates are poor and technology adoption remains low. Indeed,
the production system is extensive and few farmers apply fertilizers (less than 2% of cereal growers
use fertilizers) or improved technologies (FAO, 2013). Farmers’ technical inefficiencies may also
be a factor underpinning production. Indeed, it is argued that low agricultural investment and
inefficient use of resources are constraints to both achieving an optimal level of production and
generating significant income for households relying on agriculture as their main subsistence
activity (Briimmer, 2006; Zahonogo, 2016). Sustained growth in productivity requires enhancing
producers’ efficiencies in resource use (Adeguelou et al., 2018).

Since land is the main resource in agriculture, land property rights are necessary to ensure not
only the security of productive investments in land, but also to induce a rational use of input factors
and a sustainable exploitation of land. Secure and transferable land rights are expected to provide
access to credit, induce efficient use of agricultural inputs, and increase farm productivity (Besley,
1995; Feng, 2008; Donkor and Owusu, 2014). The empirical studies addressing the effect of land
rights on production efficiency show that, in general, when the land tenure system provides secure
access to land, it leads to a high level of work and land management efforts, increasing the
efficiency of farm households (Feder and Feeny, 1991; Michler and Shively, 2015). This paper,
therefore, investigates how efficiently is the use of resources devoted by different landowner
groups to sorghum production.

In Burkina Faso, issues related to land tenure insecurity are identified as factors that hamper the
achievement of the potential level of agricultural production which can sustainably ensure farm
households’ food security (Linkow, 2016). The customary land tenure system which is dominant is
increasingly incapable of providing land tenure security because competition for land is becoming
more intense (Paré et al., 2008; Séogo and Zahonogo, 2019). Burkina Faso authorities undertook a
land reform in 2009 (through Law No. 34/AN) to guarantee the security of private land investments
in rural areas. While recognizing customary land ownership, the new land law aims at promoting
agricultural entrepreneurship by providing opportunities for national and non-national economic
actors to privately appropriate land for profitable investments in the agricultural sector. Since this
reform, the country land tenure system is characterized by the coexistence of both customary and
modern land governance. Overall, three groups of landowners coexist: customary owners who have
generally inherited their land, formal owners who have formal rights, and non-owners who
negotiate with customary landowners for use of the land. The analysis aims at discovering which
group uses the best technology, which group is the most efficient, and what are the factors
explaining the technical efficiency of sorghum production.

Previous studies have shown that cereal farmers in Burkina Faso are technically inefficient and
that many socio-economic factors could explain their inefficiencies (Wouterse, 2008; Combary,
2016). However, studies taking into account the heterogeneity of technologies across different land
tenure groups in the country are non-existent to our knowledge. Our research fills this gap and
contributes to enriching the literature on the subject. We follow the meta-frontier approach which is
more appropriate in solving the problem of technology heterogeneity. In this study, it is found that
the three landowner groups have specific agricultural characteristics and practices, implying that



Séogo and Zahonogo Land Ownership and Technical Efficiency of Burkina Faso Sorghum Production 87

the production technologies are not homogeneous. The traditional method of pooling all
observations in the estimation method may lead to fruitless results. The stochastic meta-frontier
approach is adapted and provides very conclusive results.

The rest of the paper is structured as follows. After a brief description of the Burkina Faso land
tenure system, the theoretical model is presented, followed by the empirical model, and the data.
The results section presents and discusses the econometric results, and the paper concludes with
implications for economic policy.

A Brief Description of Burkina Faso Land Tenure System

After independence in 1960, land governance in Burkina Faso was primarily left to customary
institutions. In 1984, the country’s modern statutory system (the law “Réorganisation Agraire et
Fonciere”) was introduced to develop a private property rights regime for land. The law was
amended in 1991 and 1996, and vested all land in the state, regardless of customary tenure status
(Hughes, 2014). The 1984 land tenure reform was criticized as it did not accommodate the
complexity of the customary land tenure system, on one hand, and was not likely to bring about
development of agribusiness for profound transformation, on the other hand.

Following a long, transparent, and inclusive process, a new Rural Land Tenure Law was thus
adopted in June 2009 to ensure equitable access to rural land; promote investments in agriculture,
forestry, and pastoralism; reduce poverty in rural areas; and to promote sustainable management of
natural resources (Hughes, 2014). The law recognizes customary land ownership by establishing a
Rural Land Certificate of Possession (APFR) for those who aim at formalizing their customary
ownership. The APFR provides recognition of existing customary individual and corporate land
rights subject to the condition that they have been rigorously vetted and approved by the local
community (Séogo and Zahonogo, 2019). To provide women, migrants, and agribusiness people
with secure land rights, the law allows all stakeholders, without any discrimination related to
gender or origin, to acquire land under full private ownership by following formal rules (see
Hughes (2014) for more details on the process of getting formal rights).

In spite of authorities’ efforts to modernize the land tenure system, the customary land
administration system continues to dominate. The majority of the customary farmers are not
attracted by any individual land rights and strongly believe that no one dares to encroach upon their
rights inherited from their ancestors (S€éogo and Zahonogo, 2019). A few people own formal land
rights in rural areas.

In the current context of Burkina Faso, farmers can be classified in three groups according to the
type of land rights they own: (i) the customary land rights owners, (ii) the formal land rights
owners, and (iii) the non-owners of land rights. The customary land rights owners inherited their
lands and represent more than 80% of farmers (Séogo and Zahonogo, 2019). They are indigenous
people (men and the elderly) in the village who are the customary owners of land. Non-owners are
women, migrants, and younger people in the family. They cannot own land in the customary
system since the customary governance of land is only devoted to men and the elderly in the family
(Swedish International Development Agency, 2004). Migrants are non-indigenous people who
definitely moved from landless and less agro-climatically favored zones (especially the Sahelian
and the Sudano-Sahelian zones) to settle in land abundant and high potential agricultural zones
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(especially the Sudanian zone). With land scarcity, internal migration was said to have become
increasingly common (Linkow, 2016). Formal owners are rich, non-native people and agribusiness
actors who aim at securing their land investments. After negotiating the land from local
communities, they may undertake the entitlement process (Séogo and Zahonogo, 2019).

Theoretical Framework

Referring to the neoclassical theory, firms are rational and aim at maximizing their profits. They
are generally considered to be fully efficient. Farrell (1957) showed that, in reality, this hypothesis
of full efficiency is not always verified as some firms fail to produce a maximum output from a
minimum level of inputs. Farrell (1957) then suggested that the production level of the most
efficient firm be considered as a production frontier for all firms. The firms which are unable to
achieve this level of production with the same quantities of factors are inefficient.

One of the main criticisms against Farrell's (1957) frontier approach is that the production
frontier he defined was deterministic like in non-parametric methods; that is, any deviation from
the frontier was explained by the technical inefficiency of production units. However, there are
observable or unobservable factors that may explain these gaps to the frontier. For this reason, the
stochastic frontier approach was introduced by some authors, namely Aigner, Lovell, and Schmidt
(1977) and Meeusen and Van den Broeck (1977). This approach allows hypotheses testing and
breaks down the gap (u;) between the level of production achieved and the frontier into two
components: the technical inefficiency (/,) and the error term (@;). Any deviation from the frontier
is now explained by the technical inefficiency and a random term that captures random variations
in production. Considering N production units using K inputs, the production frontier is expressed
as:

(1) Ri=f(Xi;B)e® ™ ¢;—h =u; and i=1,..N;j=1,...K

where R; is the output level of production unit i; X;; a vector of inputs (j) used, and § a vector of
parameters to be estimated.

@; is supposed to be independently and identically distributed as N (i, Jé) and A, a non-negative
stochastic variable. The variance (62) of u; is the sum of the variances of its two components:
% = Ug + of. Aigner, Lovell, and Schmidt (1977) showed that the value of y = o# /02 must lie
between 0 and 1. The value 0 indicates that the deviations from the frontier are entirely due to
noise, and the value 1 indicates that all deviations are due to the technical inefficiency.

The technical efficiency of production unit i (TE;) is defined as the ratio between the observed
output (R;) and the output given by the frontier (R;):

Ri _ £ (x5 @i — o(-1)
R} f(XijZB)e(wi)
The above reasoning is based on a fundamental assumption: the homogeneity of the production

() TE =

technology, which means that all production units have the same production technology. In a
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situation of heterogeneity of production technologies used by different groups, Battese, Rao, and
O'Donnell (2004) and O’Donnell, Rao, and Battese (2008) argued that it is unjustifiable to compare
the efficiency levels of production units by adopting the above stochastic frontier approach. The
main reason is that each group has its own frontier and the frontier which is defined in the pooled
method does not cover all the frontiers that are specific to each group. Estimating the efficiency of
each group separately also does not allow such a comparison to be made since each group has a
specific frontier that determines the level of efficiency achieved by each production unit in the
group. Thus, they introduced their meta-frontier approach, a two-step method for defining a global
frontier (meta-frontier) encompassing the frontiers which are specific to the groups. The first step
uses the above stochastic frontier approach by estimating equation (2) for each group. The second
step uses mathematical programming techniques to obtain the meta-frontier based on the results in
the first step.

However, the method of Battese, Rao, and O'Donnell (2004) and O’Donnell, Rao, and Battese
(2008) has two major weaknesses, according to Huang, Huang, and Liu (2014). Firstly, the
programming method used in the second step provides results that have no statistical properties.
Secondly, the estimation method does not isolate idiosyncratic effects since it does not take into
account the differences associated with the production environment faced by each group. To
address these issues, Huang, Huang, and Liu (2014) proposed a two-step method that uses the
stochastic frontier approach throughout the process. The first step is to estimate the technical
efficiencies of production units (i) of each group (h) as follows:

Rin _ fu(Xij 5 b, )e@in=)
Ry fh(Xij ;bh)ewih)

(3) TEih = = e(_hih)

where f, (X ij 3 bh) is the frontier function of the group, R;;, is the observed output, and R}, is the
frontier output. The variables /1, and @y, are, respectively, the technical inefficiency and the error
term components.

The second step uses the production predictions of each unit in the three groups f;l(X i bh) to
formulate the following equation:

4) ﬁl(Xij ; bh) = fM(Xij ; bM)e(wiM_hiM) h=1..H

where H is the number of groups, f (X i bM) is the meta-frontier function that takes into account

i
all groups, @; M is the random and systematic error term, and /,,, is the random and not negative
component measuring the technical inefficiency. The estimated individual technical efficiency in
the meta-frontier function (MTE};) is a fraction of the estimated individual technical efficiency in
each group (equation 6). This fraction, called “the technology gap ratio (TGR;y ),” is the ratio

between the frontier of group / and the meta-frontier:
R; Xij; b

(5) TGR;, = LI —fh( J h) =eChm) <1
Rin fM(Xij ,'bM)
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The MTE;;, of the meta-frontier function (equation 4) then verifies the following equality:
(6) MTE;, = TGRy, X TEy,

To sum up, the approach consists in using first the stochastic frontier method to estimate the
technical efficiency of production units in each group, then predicting outputs in order to use them
as a dependent variable in the second step to estimate the meta-frontier function (by using, again,
the stochastic frontier method). The technical efficiency in the second step is the product of the
efficiency estimated in the first step and the technology gap ratio which is always less than or equal
to the unit.

Regarding variables explaining the technical inefficiency, Huang, Huang, and Liu (2014)
distinguish two types of environmental variables: the group-specific variables used in the first step
(equation 7) and the variables related to the environment of production units, i.e. those which are
not directly related to production units, but which are likely to affect their efficiency. These
variables are included in the second step (equation 9).

The reason to use two sets of variables is to purge the so-derived technology gap ratio measures
from the influence of random shocks and errors of group-specific frontier estimations. Moreover, it
allows one to identify the sources of variation in group-specific technology gap ratios with
environmental variables beyond the control of production units. By using panel data of the hotel
industry in Taiwan, Huang, Huang, and Liu (2014) verified that the omission of environmental
variables from the second-step estimation causes an underestimation of the technology gap ratios.

Empirical Model
Model Specification in the First Step

The advantage of the stochastic frontier production approach is that it allows a simultaneous
estimation of the inefficiency and its determinants. This estimation method is recommended since it
provides consistent results (Coelli, 1995). The translog and the Cobb Douglas production functions
are mostly used in the literature. In this analysis, we use the translog form, which is more flexible
compared to the Cobb Douglas form. Assuming that the level of production is a function of the
production factors used, the model is specified in the first step for each land property rights group h
as follows:
4 4

Z Bien XijnXien + (@un — h,) h=1,23

1k=1

4
(7)  InRy = Bon + z Bjn Xijn + %
j=1 J
where R;;, records the quantity of sorghum harvested on the plot, X;1; the quantity of chemical
fertilizer, X;,5 the quantity of organic manure, X;3, the quantity of labor, and X, the area of the
plot. Bon. Bin. ---- Baan are the parameters to be estimated, @;;, the error term, and A, is the
technical inefficiency component.
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The determinants of the technical inefficiency in each group can be expressed as follows:

4
®  hy,=6m +Z SnZyn+wn  h=123
j=1

where z;;,, are the characteristics related to individuals, i.e. the plots in each group following
Huang, Huang, and Liu (2014). Five variables are available in our data set: z;;, indicates the
location of the plot at a high slope surface, z;,, is its location at a low slope, z;3, represents sandy
soil type, zj4p clay soil type, and z;5;, lateritic soil type. 8y, and &;y, are the parameters to be
estimated, and wy;;, the error term.

Model Specification in the Second Step

Before specifying the model used for the estimation of the meta-frontier function, it should be
shown that the three groups are heterogeneous regarding production technology. The likelihood
ratio test is thus used (Huang, Huang, and Liu, 2014). The null hypothesis (Ho) assumes that all
production technologies are homogeneous and the pooled method grouping all observations is used
for the estimation. The alternative hypothesis (Hi) assumes that these technologies are not
homogeneous and that the efficiency of each group should be estimated separately. The likelihood
ratio is generated by computing the likelihood values L(Hy) and L(H;) from the two methods as
follows: A = —2 * {In [L(Hy)] - In [L(Hy)]}-

The test results give a value of A= 3, 068.8 which is very high compared to the theoretical value
at the 1% threshold. Therefore, the null hypothesis cannot be accepted. The meta-frontier approach
is thus more appropriate in analyzing sorghum farmers’ technical efficiencies.

The specification of the meta-frontier model in the second step includes all observations and uses
the predictions made from equation (7) as follows:

4 4
~ 1
(€)] InR; =P+ ) B Xij + 3 Z Biie XijXue + (Dim — h,y,)
j=1 Jj=1k=1

where InR; records the predicted quantities, Bj and B, the parameters to be estimated, @; the
error term, and /1, the term representing the technical inefficiency in the meta-frontier function.
X;j are the quantities of inputs used as defined in equation (7).

The determinants of the technical inefficiency in the meta-frontier function can be expressed as

follows:
10

(10) hiM = 50 + Z 5] Zij + Wim

j=1

where z;; are the variables that explain the technical inefficiency in the second step, 6j the
parameters to be estimated, and w;y, . the error term. z;; is composed of the producer's characteristic



92 Spring 2021 Journal of Agribusiness

variables (age, sex, education); the ratio of active members in the producer household; social
capital (group membership); income activities; distance to market; extension services; agricultural
training; and the collective exploitation of the plot (plot status).

The method consists in estimating equations (7) and (8) simultaneously in the first step and using
the predictions to estimate equations (9) and (10) simultaneously in the second step by adopting the
stochastic frontier method in both steps.

Data
Data Source

The data used in this study are from a household survey conducted in 2011 in Burkina Faso by the
national laboratory Laboratoire d'Analyse Quantitative Appliquée au Développement-Sahel
(LAQAD-S) as part of the National Land Management Program, Phase 2 (PNGT2). The data
collection is based on a sample of 90 communes, three villages per commune, eight households per
village. A total of 270 villages and 2,160 households were randomly selected. The objective of
conducting the survey was to provide data on the living conditions of rural households across the
country and to take appropriate measures to improve their well-being. The data cover different
aspects of households, including their demographic characteristics, health, education, livestock,
agricultural investments and production, access to land, soil characteristics, access to credit, and
access to basic infrastructures.

As many as 1,249 households out of the 2,160 are sorghum growers and the number of plots
devoted to sorghum production is 1,643 (the study sample). The data on agricultural production and
land tenure are collected at the plot level which is the observation unit in this analysis.

Variables Description

Table 1 presents the mean and standard deviations of the variables used for the empirical analysis.
It can be observed at the plot level that households are characterized by a moderate ratio of active
members (55.96%), and a low level of formal education (7.9%) which is far below the national rate
(around 18%) and reflects the poor education level of rural people (in rural areas, only 2.8% and
1.6% of men and women, respectively, attend primary school, according to a report by the National
Institute of Statistic and Demography (INSD, 2012)). Plot owners are predominantly adults
(average of 49 years) and male (96.16%), and a low proportion of farmers are trained in agriculture
(5.7%) and have consulted extension agents (6.5%). The low proportion of plots owned by women
in the sample is explained by the social context of Burkina Faso where households are generally
headed by men. Plots are mostly collectively cultivated (family farming) with the household head
as the owner (Séogo and Zahonogo, 2019).
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Table 1. Description, Mean and Standard Deviation of the Variables Used for the Analysis.

Mean
Variables Description (Standard Deviation)
Rights Group _Rights Group__ Group 1 S
Dependent variable
Output Quantity of sorghumharvested on the plot (kg) 2,8243 936.3 984.5 1,030.83
(2,438.1) (846.10) (792.60) (1,933.7)
Production variables
Fertilizer Quantity of chemical fertilizers applied on the plot (kg) 299.88 10.13 12.41 24.12
(386.06) (31.36) (36.99) (108.43)
Manure Number of cartloads of manure used on the plot 19.65 5315 5311 5.995
(30.25) (7.23) (6.80) (10.06)
Labor Quantity of labor used on the plot (man-days) 159.3 12133 104.08 121.38
(153.00) (91.90) (73.70) (94.58)
Area Area of the plot (ha) 3.96 1.7 1.67 1.811
(3.76) (1.30) (1.19) (1.57)
Environmental variables in the first step
High slope Dummy: 1 if the slope of the plot is high 0.2179 0.1487 0.1976 0.157
Low slope Dummy: 1 if the slope of the plot is low 0.282 0.3104 0.3952 0.3177
Flat slope Dummy: 1 if the slope of the plot is flat (reference ) 0.5001 0.5409 0.4072 0.5253
Sandy soil Dummy: 1 if the soil is sandy 0.4358 0.2796 0.2814 0.2872
Clay soil Dummy: 1 if the soil is clay 0.3076 0.3898 0.3772 0.3846
Lateritic soil Dummy: 1 if the soil is lateritic 0.1538 0.163 0.2215 0.1685
Stony soil Dummy: 1 if the soil is stony (reference) 0.1028 0.1676 0.1199 0.1597
Environmental variables in the second step
Education Dummy: 1 if the producer has received formal education 0.1538 0.0758 0.0718 0.0791
Age Age of the producer (years) 50.03 49.5 46.9 49.26
(14.50) (14.46) (11.02) (14.17)
Gender Dummy: 1 if the producer is male 0.9487 0.9599 0.982 0.9616
Ratio Ratio of household active members 0.5285 0.557 0.591 0.5596
(0.39) (0.41) (0.37) (0.41)
Social capital Dummy: 1 if the producer is member of a producer group 0.3333 0.0937 0.0898 0.3062
Income activity ~Dummy: 1 if the producer is engaged in an income activity 0.282 0.3311 03113 0.3749
Distance Distance to the nearest input market (km) 6.73 8.33 7.58 8.185
(6.10) (0.68) (6.76) (7.53)
Extension Dummy: 1 if the producer got a visit of extension agents 0.141 0.0643 0.0419 0.0657
Agri-Training Dummy: 1 if the producer has received training in agricult! 0.0128 0.0615 0.0479 0.0578
Collective plot ~ Dummy: 1 if the plot is collectively farmed 0.9743 0.9449 0.9281 0.2288
Number of observations 78 1,398 167 1,643

According to land rights types, a great level of sorghum output and more input use are observed
on plots held with formal land rights (see Table 5 for more details on production practices). The
owners of these plots received more extension visits (14.10% of the plots in this group and less than
7% in the two other groups) and have more formal education (15.38% and less than 8% in both
customary and no-right groups). In the formal land rights group, more than 33% of plots are held
by producers who are members to an organization, whereas in the two other groups, this proportion
is less than 9.5%. Across the three groups of owners, the farms are generally collectively exploited
(more than 90%).
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Table 2. Group Specific Stochastic Frontier Parameter Estimates and Plot Level Determi of Technical Inefficiency.
. Translog Production Function Estimates
Variables
Formal Land Rights Customary Land Rights No Land Rights
Coeff Z-stat Coeff Z-stat Coeff Z-stat
Constant C 1.694 0.6 6.8188*** 14.96 6.9890%+* 5.11
Chemical fertilizers In X1 0.6298** 2.29 0.4126%** 5.59 0.7943%** 3.98
Manure In X2 0.0362 0.07 0.1748* 1.84 0.3884* 1.65
Labor In X3 2.3237* 1.85 -0.2026 -0.97 -0.4129 -0.67
Plot area In X4 0.9337 0.99 1.0159%** 7.35 0.9939%** 2.63
In X1 x In X1 -0.0846%** -2.79 -0.0675%** -8.94 -0.0517%** -2.68
In X2 xIn X2 0.2044%** 2.82 -0.0859%** -5.16 -0.0376 -1.02
In X3 x In X3 -0.3006* -1.94 0.0336 1.4 0.0814 1.17
In X4 xIn X4 -0.2247 -1.25 0.0170* 0.83 -0.0245 -0.46
In XI xIn X2 -0.0885 -2.78 0.0201%* 2.11 -0.0204 -0.76
In X1 xIn X3 0.0677 1.16 -0.0037 -0.26 -0.1159%** -2.99
In X1 x In X4 0.0376 0.41 0.0226 1.37 0.2034%** 6.07
In X2 xIn X3 -0.0248 -0.24 0.0168 0.84 -0.0482 -0.95
In X2 x In X4 0.0421 0.35 -0.0432%* -2 0.0655 1.49
In X3 xIn X4 0.0233 0.13 -0.0989%** -3.17 -0.1609* -1.96
Plot level determinants of technical inefficiency
Constant 0.4241 0.39 0.0734 0.16 0.5448 1.43
High slope -1.5934 -1.61 0.072 0.65 -0.136 -0.65
Low slope -1.8439* -1.71 -0.6208** -2.06 -0.6339* -1.77
Sandy soil 0.4008 0.46 0.0512 0.41 -0.2828 -0.93
Clay soil 0.9219 0.96 -0.04796 -0.39 0.1125 0.48
Lateritic soil 0.3071 0.3 0.0286 0.21 -0.3635 -1.01
o2 1.31 0.5075 0.3512
Y 0.95 0.6903 0.8104
Mean Technical efficiency (%) 70.01 67.47 64.02
Chi2 (14)= 164.65%** Chi2 (14)= 1787.26%** Chi2 (14)=301.89%**
Number of observations N=78 N=1, 398 N=167

Results and Discussion
The Stochastic Frontier Estimates and Group Level Determinants of Technical Inefficiency

The estimated parameters and the z statistics for the three land rights groups are shown in Table 2.
The results suggest that an increase in chemical fertilizers, manure or the plot area is reflected in
higher levels of production on plots held under customary rights or without any rights. Chemical
fertilizers and labor have a positive and significant effect on production for plots held with formal
land rights. These results show the importance of fertilizer use in sorghum production. The positive
effect of the land area is reasonable because producers who increase their farm areas also expect an
increase in production. In our analysis, formally owned plots are larger and may require a greater
use of labor. This may explain why labor significantly affects the level of production in this group.

As for plot level variables, the results show that low plot slope is the main variable that
positively and significantly affects the technical efficiency. Because of insufficient rainfall in many
agricultural areas, lowlands compared to plains are often the places for potential agricultural
production owing to their good water retention. But in the event of excessive rainfall, low slope
plots may be associated with poorer performances than flat slope plots.
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The Stochastic Meta-frontier Estimates and the Determinants of Technical Inefficiency

This section first discusses the estimated results of the production function before focusing on
factors affecting the technical inefficiency of sorghum farmers. The translog production function
specification is well suited since the results indicate significant effects of the interactions between
inputs on the output.

Like in the first step, the results in Table 3 show that chemical fertilizers, manure, and land area
are positively and significantly correlated with production. Chemical fertilizers and organic
fertilizers are factors that increase soil endowments favoring plant growth. Soil infertility in
Burkina Faso makes the use of fertilizers a necessary condition for better agricultural production. A
positive correlation between the plot area and the output level is expected since farmers in Burkina
Faso generally tend to increase their production through extensification instead of intensification
(Callo-Concha, Gaiser, and Ewert, 2012). These results are similar to the findings of Aduba,
Oladunni, and Onojah (2013) in Nigeria indicating that fertilizers and cultivated areas are factors
explaining more efficient rice production. Labor does not have a significant effect on production.
This result may reflect a situation where the level of labor used is a function of the technology
adopted or the type of soil such that different levels of labor used result in the same level of
production on a given plot. For example, the use of mechanization by some producers can reduce
the amount of labor required for weeding. In addition, for the same area, the quantity of labor used
may differ depending on the type of soil.

The results of the environmental variables affecting the technical efficiency are summarized at
the bottom of Table 3. It show that the farmer's level of education has a positive effect on his
efficiency. Unlike farmers who have no formal education, those with formal education use
resources more efficiently. This is consistent with other human capital predictions (Becker, 1993)
and similar to the results found by Agboola (2016) for Nigeria.

It is observed that the farmer’s age has a non-linear positive effect on production efficiency. In
general, farmers gain experience over time and accumulate more resources to better manage their
farms (Wozniak, 1987). However, this trend will break at some point as they become inactive in
old age, a period during which they lack physical or financial resources.

The results also show that production is more efficient on plots owned by men than those owned
by women. This may be due to the fact that women generally do not have time and productive
resources such as animal traction, financial resources, and agricultural equipment to better manage
their farms. In fact, it is found that men have three times as many resources as women in Burkina
Faso (Van den Bold et al., 2013; Agbodji, Batana, and Ouedraogo, 2015) and they are expected to
be more efficient. Ng’ombe (2017) found similar results of this gender effect on technical
efficiency in Zambia.
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Table 3. Stochastic Meta-frontier Parameter Estimates and Determinants of Technical Inefficiency.

Translog production function estimates

Variables
Coefficient Z-Statis tic
Constant C 6.8078 0.22
Chemical fertilizers In X1 0.3607*** 5.61
Manure In X2 0.2974%*+* 2.97
Labor In X3 -0.3622 -1.63
Plot area In X4 0.922]%** 6.33
In X1 % In X1 -0.0289%** -4.95
In X2 xIn X2 0.0354** 2.49
In X3 xIn X3 0.0616%* 2.4
In X4 x In X4 -0.0005 -0.03
In X1 xIn X2 0.0135 1.58
In X1 xIn X3 -0.0254** -1.97
In X1 % In X4 0.0854*** 5.7
In X2 xIn X3 -0.0740%** -3.57
In X2 xIn X4 0.0138 0.62
In X3 xIn X4 -0.0966*** -2.94
The determinants of technical inefficiency in sorghum farming
Constant 1.3425 0.04
Age -0.0116* -1.84
Age squared 0.0001** 2
Sex -0.1959%* -2.45
Education -0.1425%* -2.49
Ratio -0.0354 -0.9
Income activity 0.0549%* 1.68
Social capital -0.1248** -2.45
Distance to plot -0.0031 -1.54
Extension services -0.1192* -1.91
Agricultural training 0.1031 1.58
Collective plot -0.1874%** -2.83
a? 0.3599
Y 0.0129
Mean Technical efficiency 51.96%

Chi2 (14)= 1914.36***

Number of observations = 1,643

This study uncovered that group membership reduces technical inefficiency in sorghum
production. Producers’ group memberships enable them to acquire and share ideas and information
on appropriate farm management techniques. Social capital is highlighted by Narayan and Pritchett
(1999) as one of the ways to mitigate the problems caused by market imperfections in developing
countries. Indeed, group memberships afford farmers the privilege of enjoying interacting with one
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another and assessing information and agricultural credit facilities both from the government and
financial institutions (Aduba, Oladunni and Onojah, 2013). This means that producers who are
organized in groups are more likely to adopt efficient farm management practices.

Farmers’ engagements in non-farm activities are found to have negative effects on technical
efficiency. This seems to be an ambiguous result since it is expected that non-farm activities
provide farmers with financial resources helping them to efficiently manage their farms. Chiona,
Kalinda, and Tembo (2014) found a similar result in Zambia and argued that this could be because
farmers who have various sources of income besides crop production are more likely to be
preoccupied with other income-generating activities and, hence, pay less attention to important
agronomical practices.

Access to extension services is also found to reduce production inefficiency in our analysis.
Extension is expected to have a positive effect on production as it enhances farmer access to
information and improved technological packages (Aye and Mungatana, 2011). Farmers who
consult extension agents are thus better informed about good agricultural practices and can better
apply them properly to improve their agricultural performance. Mkhabela (2005) found similar
results for extension services in South Africa.

Finally, it is found that farmers are more efficient on plots which are collectively farmed. This
result is contrary to the traditional view that economic agents are always in search of their
individual interests and are supposed to be more efficient individually than collectively. But in
Burkina Faso, farming is generally of a family nature. Production activities are carried out by all
household members under the direction of a head in order to satisfy everyone's basic needs.
Individual farms are generally implemented by women or younger people in the household to meet
their secondary needs. Most of the members' time is spent on the collective farms that sustain the
household.

Technical Efficiency and Technology Gap Ratio across Groups

Table 4 shows the results of the technical efficiency and technology gap ratio for the three land
tenure regimes. In the meta-frontier approach, it is not appropriate to compare group-specific
technical efficiencies. Rather, the MTE and the TGR are comparable. The results show that formal
owners are the most efficient. Indeed, the MTE of this group is higher (59.09) than any of the two
other groups (51.76 and 52.1 for plots held with customary land rights and plots held with no land
rights, respectively). The TGR of formal owners is also the highest, indicating that the frontier in
this group is closer to the meta-frontier (i.e. the best technology is used on plots held under formal
rights). This evidence may highlight the positive effect of land rights security on the adoption of
technologies to stimulate agricultural production. Indeed, the acquisition of formal land rights
allows farmers to protect their land against any encroachment, giving them an incentive to adopt
the best farm management practices as they are sure of reaping all benefits from their efforts.
These results are comparable to the work of Donkor and Owusu (2014) in Nigeria, which
showed that land tenure is an essential factor that can influence producers' performances. They
highlighted a positive relationship between land ownership and technical efficiency in rice
production. Shittu et al. (2018) also suggested the promotion of private land ownership in Nigeria
to strengthen rural land governance towards sustainable land use and agricultural production. Feng
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(2008) showed in China that there is a difference in efficiency between different rice producers
depending on how the land is acquired. The study of Zhang et al. (2011) supports that by revealing
a positive impact of land reallocation on technical efficiency in China. The findings of Ogundaria
and Awokuse (2016) in Thailand also indicated that securing land rights through formalization
encourages producers to put more efforts into production, thus increasing their efficiency.

Table 4. Technical Efficiency and Technology Gap Ratio across Groups.

. Technical Technology Gap Ratio  Meta Technical
Land Rights Groups
Efficiency (TE) (TGR) Efficiency (MTE)
Plots held with Formal Land Rights 70.01 0.8439 59.09
Plots held with Customary Land Rights 67.47 0.7671 51.76
Plots held with No Land Rights 64.02 0.8138 52.1

The adoption of the meta-frontier approach is found to be appropriate in this analysis. Indeed, the
statistics on the use of production factors in Table 5 show differences in the combination of
production techniques between the three groups. Formal owners cultivate larger plots of about 4 ha,
on average, compared to about 1.70 ha and 1.67 ha for customary owners and non-owners,
respectively. In terms of equipment, more than 80% of the plots held by formal rights belong to
producers with animal traction, while it is less than 75% and 65% for the non-owners and the
customary owners, respectively. Fertilizers are more often used on formally owned plots, whereas
adoption rates of water and soil conservation techniques are higher on customary-owned ones. The
difference test shows that the gaps in input use are statistically significant across groups. A
substantial result is that fertilizer use intensity in the formal rights group is nearly five times higher
than the other two groups. There is evidence of technology heterogeneity across groups justifying
the adoption of the meta-frontier method.

Table 5. Differences in Input Use Between the Land Rights Groups.

Plots held with Plots held with Plots held with
Variables Formal Land Rights Customary Land Rights No Rights
Mean plot area (ha) 3.968 1.707 1.677
Land holder possession of equipment for traction (%) 83.33 61.73 73.05
Use of water and soil management technologies (%) 1.28 27.89 13.17
Fertilizers use intensity (kg/ha) 105.4 19.44 25.56
Manure use intensity (cartload/ha) 6.57 3.7 443

Conclusions

This study analyzes the technical efficiency of sorghum production. It compares TGR and MTE
between three land rights groups and identifies factors explaining production efficiency. The
stochastic meta-frontier approach is used by specifying a translog frontier production function. The
estimation of the frontier function by the maximum likelihood method provided consistent results.
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The results show that chemical fertilizers, manure, and the plot area devoted to sorghum farming
are the main inputs that explain the level of production reached by farmers. Moreover, these results
highlight the existence of a technical inefficiency in sorghum production. It is also observed that
production is more efficient on plots held with formal property rights. Such rights could provide
more land tenure security and incite farmers to efficiently manage the resources used in crop
production.

The results provide evidence that there is a significant gain in terms of technical efficiency to be
obtained by households engaged in sorghum farming. Indeed, the technical efficiency is estimated
at 69% and this suggests a possibility for farmers to increase the levels of their harvested output by
31% without resorting to an increase in agricultural investment or farm areas. Thus, it is important
to implement policies that aim at reducing production inefficiency. The progressive and non-
conflicting formalization of land property rights is one of the mechanisms to be promoted in order
to stimulate technical efficiency and improve agricultural performance. Since competition for land
is increasingly inducing tenure insecurity, farmers in the customary system must be encouraged to
formalize their land rights by acquiring at least the APFR which protects their land from any
encroachments. Formalization may also have a positive effect on access to land for vulnerable
groups (such as women and migrants) and develop the land market.

Formalization must take into account the social context of Burkina Faso characterized by the
collective status of farming. The transfer of land from the farmer to his descendants must be
guaranteed without risk of conflict. It must aim at securing not only individual rights, but also
collective rights. A successful land tenure transformation will probably contribute to agricultural
development and poverty alleviation in rural areas.

The results also reveal that social capital, formal education, and extension services reduce
technical inefficiency. This implies that the training of farmers, the development of extension
service institutions at local levels, and the development of farmer-based organizations could be
policy instruments for improving production efficiency. Decision makers should consider those
factors in agricultural policies to increase household food security.

Although the stochastic meta-frontier approach has yielded robust results, there are limitations to
the use of cross-sectional data. Some unobservable factors can influence production and, in such a
situation, the use of cross-sectional data can lead to biased estimates. The use of panel data makes it
possible to correct this bias and takes into account the dynamic behavior of farmers (Coelli, 1995;
McDonald and Roberts, 1999). Future studies with panel data could enrich the topic addressed in
this analysis.
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Book Review

Financial Management for Small Businesses, Financial Statements & Present
Value Models, 2nd Open Edition. By Lindon Robison, Steven Hanson, and J.
Roy Black. Michigan State University, East Lansing, 2021. Available online at
https://openbooks.lib.msu.edu/financialmanagement;/.

Allen M. Featherstone
Kansas State University

Financial Management for Small Businesses, Financial Statements & Present Value Models, 2nd
Open Edition by Lindon J. Robison, Steven D. Hanson, and J. Roy Black has been published under
an open license. The book was developed as a financial management textbook that
comprehensively treats finance topics for an Agribusiness Management (ABM 435) course at
Michigan State University. ABM 435 is intended for juniors and seniors who have an accounting
background and an intermediate microeconomics or managerial economics background. The book
does assume some calculus knowledge.

The textbook is divided into five major sections, each of which could stand alone or be combined
with any of the other sections. The sections include management; strengths, weaknesses,
opportunities, and threats (SWOT); present value models; homogeneous measures; and present
value model applications.

The management section includes chapters on financial management and the firm, alternative
forms of business organizations, the Federal tax system, and managing risk. One of the positive
aspects of each chapter throughout the textbook is the discussion of the learning goals and learning
objectives. Each chapter concludes with a summary of the material covered followed by questions
to measure the mastery of the concepts. Another helpful feature available throughout the textbook
is shaded boxes that highlight key concepts for readers.

The second section covers SWOT. The chapters in this section include financial statements,
ratios, and system analysis. While not the traditional construct that many attribute to SWOT
analysis, the framework is useful to think through a firm’s financial health. Certainly,
understanding the strengths, weaknesses, opportunities, and threats of the financial situation of a
firm is important and the application of SWOT to this is helpful. The financial statement
development covers farm concepts using a horticultural operation example along with using
nonfarm examples. Once financial statements are developed, system analysis is used to determine
what-is the financial situation, and “what-if” analysis to consider the future financial implications
of alternative management decisions. This second section provides many tools readily incorporated
into Microsoft Excel to enhance the capabilities for forward-looking analysis.

The third section of the textbook covers present value models. Chapters include present value
models for accrual income statements, incremental investments, and forecasting. This section is
quite Microsoft Excel-based and covers alternatives to the net present value model including
internal rate of return and payback methods. Several numerical examples are provided, along with
the equation-based development of the concepts so students can apply them immediately to build
confidence in their understanding.

Allen M. Featheerstone is a professor and head of the Department of Agricultural Economics in the College of
Agriculture at Kansas State University, Manhattan. He is also director of the Master in Agribusiness program.
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The fourth section includes ranking investments and homogeneous measures, homogeneous
sizes, homogeneous terms, homogeneous tax rates, and homogeneous liquidity and currency. This
section covers issues such as consistent ranking among investments that have different initial
investments, different economic lives, different tax rates, and different currencies. One of the
concepts often missing from agribusiness finance texts is the coverage of investments in different
currencies. The discussion of this was well done.

The fifth section of the textbook covers present value model applications. The chapters include
loan analysis, land investments, leases, financial investments, yield curves, and “econs and
humans.” The first five chapters cover more numerical examples, whereas the “econs and humans”
chapter covers behavioral finance concepts. Adding discussion of stocks and bonds in the textbook
helps expand its applicability to broader audiences. In addition, the discussion of yield curves and
behavioral finance topics broadens the appeal of the textbook. The concepts can be easily applied
using Microsoft Excel.

Financial Management for Small Businesses, Financial Statements & Present Value Models, 2nd
Open Edition, should be considered for junior, senior, and master’s level financial management
courses. It covers relevant topics important to financial management for both those individuals who
are interested in farm management along with those who will spend their careers in the small
business sector. The use of Microsoft Excel to illustrate the concepts is well done. The open license
also is a positive aspect of the textbook. It certainly will increase the reach of the material. In
addition, the open licensing should facilitate the development of other electronic materials for
instructors so they would consider adopting the textbook for their classes.

A couple possible concerns that could detract students at other universities are a few references
to ABM 435 and the heavy use of abbreviations. While the abbreviations are defined in an
abbreviations and variables section, it may cause the exposition to be more complex for some
reader’s tastes who are trying to master the financial concepts while, at the same time, trying to
master the abbreviations.

Overall, Financial Management for Small Businesses, Financial Statements & Present Value
Models, 2nd Open Edition, is a well written textbook that meets the needs of those wanting an
understanding of the development of financial concepts and meets the needs of those wanting a
practical application of the concepts to enhance their financial management decision-making. The
text is modular enough that topics can be customized to the needs of the instructor. The textbook
fits the needs of those teaching courses where there is heterogeneity in career interests.
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Book Review

Agribusiness as the Future of Agriculture-The Sugarcane Industry under Climate
Change in the Southeast Mediterranean. By Youssef M. Hamada. Apple
Academic Press, Inc., Palm Bay, FL, 2021. ISBN 9781771888424.

Wojciech J. Florkowski
University of Georgia

Agribusiness as the Future of Agriculture-The Sugarcane Industry under Climate Change in the
Southeast Mediterranean by Youssef M. Hamada was published by Apple Academic Press, Inc.
The author is a professor emeritus of the Agricultural Economics Research Institute in Egypt and
has extensive international experience working in Africa and Asia. The book was written with the
emphasis on uncertainty and risk and the need to manage both short-term price and income risks
and long-term risk recognizing the importance of sugar for the rapidly growing population and the
expansions of sugar cane production in southern Egypt. Given the vast amounts of water required
by sugar cane the potential climate changes exacerbate the need for managing water resources in
the dry climate of Egypt.

The book includes 10 chapters. Each chapter, except chapter 1, presents an abstract and is
organized in sections followed by a list of the cited references and can be read independently of
other chapters. The Introduction, chapter 1, informs the reader about the background and the
purpose of the book. Chapter 2, Agribusiness for Southeast Mediterranean’s Prosperity, focuses on
implications of water scarcity and the opportunities of agribusiness development in the region to
alter the commodity-based exports.

The next four chapters focus on climate change and range from the discussion of causes and
effects (chapter 3) through the impact of global warming (chapter 4) to specific impacts on crop
yields and farm income (chapter 5) to effects on food security (chapter 6). In chapter 4 several
sections focus on climate change related health problems, potential for weather events and climate
shifts on food security, and the cycle of poverty. The author emphasizes the role of science in
identifying uncertainties and offering solutions. Chapter 4 continues with the general discussion
and elaborates on the future risks associated with climate change. The discussion is limited to
general comments and would have been strengthened by illustration of potential effects in the
region and threats to its crops. Chapter 5 mentions the benefits of organic agriculture. The
discussion centers on specific changes in seasonal weather patterns in Egypt. The author outlines
wide-ranging consequences for crop yields and farm incomes. Chapter 6 includes a number of
photographs and provides more detailed discussion of implications stemming from climate change
to food security. Among the raised issues are implications for food systems, potential changes in
food availability, access and utilization. Also discussed are the issues of food system stability and
vulnerability of livelihoods facing possibly new risks and the adoption of insurance schemes.

Chapter 7 shifts the focus to human risks of the climate change and possible threat of poverty,
especially of the population residing in the semi-arid regions of Africa and the world. The chapter
presents a discussion of adaptation to weather risks in agriculture and advocates sustainable
adaptation measures. The chapter contains numerous photographs to illustrate various conditions.

Wojciech J. Florkowski is a professor in the Department of Agricultural and Applied Economics Department,
College of Agricultural and Environmental Sciences at the University of Georgia, Athens. He is also the editor-
in-chief of the Agricultural Economics Association of Georgia’s Journal of Agribusiness.
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Chapter 8 advocates expanding agribusiness, including processing and value addition as a way to
transform agriculture. Making agribusiness a priority offers a path for economic growth reducing
poverty. Chapter 9 pays attention to the climatic shifts and the alleviation of poverty in the southern
Mediterranean through adaptation. After discussing the possible vulnerable groups and inequalities
in experiencing the negative effects of possible climate change, the author discusses the threat of
costs increase, water supply, and agricultural productivity, but mentions that the future
developments may also create new opportunities and indicates some projects creating win-win
outcomes, including the biomass energy generation. Finally, chapter 10 presents a mathematical
model of future sugar cane industry. The chapter lists variables used in the model, tabulates the
results and graphically illustrates the obtained optimum resource allocation in the sugar cane
production in Upper Egypt. The conclusion section of chapter 10 summarizes well the relevance of
the book’s subject to the situation in Egypt and its future of sugar cane production.

Overall, the book is easy to follow and provides a good overview of the concerns about the
changing weather patterns and climate change in a region heavily dependent on irrigated
agriculture. The chapter devoted to mathematical modeling of the sugar industry can be of interest
to students interested in an example of empirical modeling that illustrates the required data and
stages of the model construction and presentation of results. Researchers in countries producing
sugar cane can gain insights into the specific conditions in Egypt and draw conclusions for their
own industry. The book crowns the long career of an empirical scientist.
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