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AN ECONOMIC IMPACT EVALUATION OF GOVERNMENT
PROGRAMS: THE CASE OF BRUCELLOSIS CONTROL
IN THE UNITED STATES

Chun-Ian Liu

Public spending in government programs to bility was used to evaluate the economic con-
control animal and plant diseases, parasites, sequences of the alternative brucellosis pro-
and other pests that reduce agricultural pro- grams.
duction amounts to more than $150 million
annually [3]. These programs and activities are PR A P
administered by the Animal and Plant Health EMPIRICAL PROCEDURES
Inspection Service (APHIS), U.S. Department The economic evaluation centered primarily
of Agriculture. In recent years, program costs on the impacts of beef and milk price changes,
have increased rapidly and USDA officials supply response, and consumer demand under
have been asked many questions by the Con- alternative brucellosis programs. No assess-
gress, the Office of Management and Budget, ment of the gains or losses to other livestock
and others about the need for certain pro- and grain producers was made nor was the
grams. Because of steadily increasing pressure human health dimension explored in this
to reduce federal spending, public decision evaluation. Six brucellosis program alterna-
makers urgently need reliable aggregate tives were analyzed.
measures of the performance of their pro-
grams. 1. Adoption of a 10-year eradication pro-

The objective of this article is to present an gram.
economic impact evaluation of the APHIS pro- 2. Continuation of the present program.
gram alternatives for controlling brucellosis 3. A reduced level of funding for the pre-
through the year 2000. Brucellosis is a specific, sent program.
infectious disease of animals and man that re- 4. No federal program with 100 percent
duces beef and milk production. In the U.S., farmer vaccination.
eradication of brucellosis is the final goal, and 5. No federal program with 50 percent
the public sector has been involved in various farmer vaccination.
brucellosis control programs over several 6. No federal program with no farmer vacci-
decades. To make recommendations to the nation.
public decision makers about programs for
controlling brucellosis, APHIS in 1977 Based on the rate of disease spread esti-
evaluated alternative funding situations and mated by APHIS, an empirical model, the
their impacts on infection under six brucellosis ESCS National-Interregional Agricultural Pro-
program options [1]. The APHIS study was jections (NIRAP) system [7], was used to de-
primarily a technical evaluation with all price rive annual projections of production and
relationships held constant and the differences prices for beef, milk, and other major commod-
in prices due to the different brucellosis control ities, as well as aggregate farm output under
alternatives were not considered. For a com- each of the six brucellosis program alterna-
plete program evaluation, it is necessary to ac- tives. The commodities production and utiliza-
count for the effects of price differences, tion (CPU) component of the NIRAP system
potential long-range growth in the supply and was used to project prices and quantities for
demand conditions in food and agriculture, and beef and milk from 1978 to 2000 under all pro-
subsequent economic adjustments likely under grams. The CPU component, a multicommod-
alternative programs for controlling brucello- ity model, simulates price-quantity responses
sis in beef and dairy cattle. Thus, on the basis of 21 commodities, given a set of exogenous
of the technical information provided by the variables. Constant elasticities of demand and
APHIS study, the Economics, Statistics, and supply equations were specified for each
Cooperatives Service (ESCS) analytical capa- commodity at farm level.'

Chun-Ian Liu is an Agricultural Economist, Economics, Statistics, and Cooperatives Service, USDA.

The analysis should be attributed only to the author. It should not be considered as official information of the Economics, Statistics, and Cooperatives Service,USDA.

'Direct price demand elasticities for beef and milk used in the model are -0.68 and -0.32, and direct price supply elasticities are 0.55 and 0.25, respectively [51.Because the demand and supply equations are nonlinear, a numerical technique, Newton-Raphson iteration method, was used to find equilibrium solutions 16].
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The exogenous variables specified a future price of economic losses due to each program
scenario or "economic environment" in which alternative were used as the basis for esti-
commodity prices and quantities were pro- mating the shifts in producers' supply re-
jected. These variables were the impacts of sponse under each specific program. Supply re-
domestic population and economic growth, sponses under each program were then "al-
changes in world agricultural trade, technolog- lowed" to interact with baseline demand condi-
ical change in farm production, and general in- tions in determining production, market clear-
flation on the demand and supply for farm ing prices, and commodity utilization under
output. Under the baseline scenario, for each program alternative.
example, a U.S. Census Series II population Independent of price effects, the estimated
projection was assumed, representing an shifts in beef supply indicate beef producers
annual growth rate of 0.9 percent to 1990 and would supply from 0.03 percent additional
about 0.7 percent from 1990 to 2000. Per output in 1978 to 0.2 percent more by the year
capita disposable income in the U.S. was as- 2000 under the 10-year eradication program
sumed to grow at 2.2 percent per year, about (Table 1).2 Other brucellosis control alterna-
the same rate as observed during the last 25 tives such as the reduced present program and
years. Agricultural productivity projections no federal program with 100 percent, 50 per-
were based on a 3 percent annual increase in cent, and no farmer vaccination practices
agricultural research and extension expendi- represent higher production costs in compari-
tures. Trends in U.S. exports and imports de- son with the present program. Thus, the net
pended on a continuation of current agricul- shifts in supply functions due to brucellosis are
tural trade policies, with food production in negative under such alternatives. The greatest
developing countries continuing to grow negative response accompanies the no pro-
slightly faster than population [4]. gram/no vaccination practice; producers would

The empirical model was used to generate decrease production 0.034 percent in 1978 and
baseline projections and other projections 6.2 percent by the year 2000. The same pattern
under alternative brucellosis programs. of supply response occurs in milk production
Continuation of the present program was as- but the magnitudes are generally smaller.
sumed to coincide with current ESCS baseline When these shifts in supply response inter-
projections for food and agriculture; thus gov- act with baseline demand conditions, produc-
ernment programs that have been in effect in tion and price projections are derived (Table
the recent past such as brucellosis control were 2).3 Because the brucellosis control programs
implicitly assumed to continue in the future. decrease losses, costs associated with brucello-
Other scenarios selected for analysis differed sis in producing beef and milk are reduced and
from the baseline only with respect to APHIS thus production is increased beyond the level
brucellosis program alternatives. Price and that would occur without a program. Beef pro-
quantity projections for beef and milk gener- duction increases from 25.2 billion pounds in
ated by NIRAP under all programs were used 1978 to 31.4 billion in 1990 and 36.4 billion in
to calculate program benefits, changes in con- 2000 under the 10-year eradication program
sumers' and producers' benefits, and benefit/ whereas production would be limited to 27.4
cost ratios. billion and 26.5 billion pounds, respectively, in

1990 and 2000 with no federal program and no
farmer vaccination practice. The production

SUPPLY RESPONSE TO BRUCELLOSIS estimates of 30.9 and 35.4 billion pounds,
CONTROL PROGRAMS respectively, in 1990 and 2000 under the cur-

rent program are only 1-3 percent less than
In theoretical terms, the critical elements those with eradication.

determining the social value of a brucellosis Production responses for milk are also great-
program are its costs, the price elasticities of er under more effective brucellosis control pro-
supply and demand, and the negative shifts in grams but these adjustments are of a fairly in-
supply due to brucellosis infestation. The significant magnitude. The government pur-
magnitude of the shift in supply depends on chase and marketing order programs provide
the rate of spread, the reduction in beef and price support for the dairy sector. To the
milk production due to brucellosis, and costs extent that the brucellosis control succeeds,
for farmers adopting protection measures such the reduction in losses and costs of production
as only buying animals from brucellosis-free would increase output. If brucellosis control
herds and farmer quarantine. The APHIS esti- results in a greater volume of government pur-
mated rate of spread and estimated constant chases over the planning horizon, public

'Shifts in market supply due to brucellosis infestation for beef and dairy are estimated as the differences between the losses under a specific brucellosis program

and the present program divided by the value of production for beef and milk under the current program.

3Price and quantity projections under alternative programs were derived by allowing new beef and milk supply functions under alternative programs to interact

with baseline demand conditions to generate the new equilibrium solution.
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TABLE 1. ESTIMATED NET CHANGE IN BEEF AND MILK SUPPLY: ALTERNATIVE
BRUCELLOSIS CONTROL PROGRAM COMPARED WITH PRESENT PRO-
GRAM, SELECTED YEARSa

Year 10-Year Reduced No program No program No program
eradication present program 100% vaccine 50% vaccine no vaccine

Percent
Beef

1978 0.028 -0.001 0.161 0.070 -0.034

1985 0.286 -0.645 -0.650 -1.921 -3.764

1990 0.263 -1.653 -1.425 -3.456 -5.959

1995 0.239 -2.174 -1.891 -4.055 -6.389

2000 0.219 -2.334 -2.089 -4.094 -6.175

Milk

1978 0.0 0.0 0.0 0.0 0.0

1985 0.023 -0.261 -1.091 -1.437 -1.958

1990 0.024 -0.431 -1.471 -2.191 -3.212

1995 0.023 -0.661 -2.045 -3.260 -4.683

2000 0.023 -0.859 -2.706 -4.013 -5.185

aBased on the APHIS estimated rate of spread and constant price economic loss under different programs, net changes
in beef and milk supply were estimated as the percentage of the difference between the losses under a specific brucellosis
program and the present program divided by the value of beef and milk production under the present program.

TABLE 2. PROJECTIONS OF BEEF AND MILK PRODUCTION AND PRICE UNDER
ALTERNATIVE BRUCELLOSIS PROGRAMS, SELECTED YEARSa

Reduced 10-Year No program No program No program
Year Present program present program eradication program 100% vaccination 50% vaccination no vaccination

Price Quantity Price Quantity Price Quantity Price Quantity Price Quantity Price Quantity

Beef

1978 0.40 25150.0 0.40 25150.0 0.40 25150.0 0.40 25150.0 0.40 25150.0 0.40 25150.0

1985 0.39 28866.0 0.39 28721.1 0.38 29070.1 0.39 28761.9 0.40 28309.7 0.41 27642.7

1990 0.42 30928.2 0.43 30437.5 0.41 31352.5 0.43 30451.8 0.45 29211.5 0.50 27409.5

1995 0.45 33099.6 0.46 32187.9 0.43 33775.4 0.46 32164.9 0.51 30026.9 0.59 27001.8

2000 0.48 35447.9 0.50 34045.7 0.46 36408.6 0.51 33961.6 0.58 30825.9 0.71 26523.5

Milk

1978 10.32 1249.0 10.32 1249.0 10.32 1249.0 10.32 1249.0 10.32 1249.0 10.32 1249.1

1985 11.27 1230.2 11.37 1227.5 11.19 1231.6 11.62 1218.5 11.86 1213.8 12.18 1208.0

1990 11.94 1234.9 12.27 1225.9 11.78 1236.8 13.01 1202.2 13.75 1188.9 14.69 1174.2

1995 12.64 1240.3 13.23 1223.8 12.40 1242.6 14.57 1185.4 15.93 1162.6 17.71 1137.8

2000 13.39 1247.1 14.27 1222.5 13.06 1249.7 16.33 1168.8 18.46 1136.3 21.33 1101.8

aFor beef, production quantity is in million lbs., and price is price received by farmers in 1976 dollars, ($/lb); for milk, pro-
duction quantity is in million cwt., and price is price received by farmers in 1976 dollars, ($/cwt).
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expenditures for the milk price support pro- fits, producer benefits, and the sum of con-
gram could increase as much as $14.7 million sumer and producer benefits under alternative
per year under the 10-year eradication program brucellosis programs for selected years. Con-
[8]. Such secondary costs should be considered sumers gain more from eradication than from
in the decision to increase or decrease the the present program, but more from the pre-
brucellosis control effort. sent program than from the reduced present

program or from any of the no federal program/

ECONOMIC IMPACT EVALUATION 100 percent, 50 percent, and no farmer vacci-
nation alternatives. In year 2000, for example,

The benefit/cost analysis technique has been the undiscounted value of consumer benefits
used extensively by analysts of public pro- under the 10-year eradication program in-
grams and policies. The recent trend has been creases to $1.2 billion more than the estimated
to measure changes in consumers' and/or pro- value of benefits under the current program.
ducers' surplus associated with a specific pro- Estimates of changes in consumer benefits
gram and to compare these with program under the reduced present program and the
gram and to compare these with programe
costs. Emerson and Plato used this technique three no federal program scenarios are all nega-
in estimating the social value of the USDA tive, -$2.1 billion, -$4.6 billion, -$9.6
Witchweed program [3]. Easter and Norton billion, and -$16.7 billion, respectively.

also used benefit/cost analysis to estimate re- Projected aggregate beef and dairy producer
turns to agricultural research [2]. benefits under brucellosis programs have an

In this study, the benefit/cost analysis tech- opposite relationship. At the national aggre-
nique was used to evaluate the APHIS gate level, producers gain less benefit under
brucellosis program alternatives. Projected the 10-year eradication program than under
price and quantity were used to calculate pro- the present program, but greater benefit under
gram benefits over a 23-year time horizon the reduced present program and under the
(1978-2000). Estimates of changes in three no federal program options than under
consumers' and producers' surpluses (benefits) the present program. This outcome is basically
associated with each program were used to de- due to the inelastic demand for the commodi-
rive net benefits. When such benefits are com- ties involved, which causes greater changes in
pared with program costs, benefit/cost ratios price than in production under brucellosis pro-
and internal rates of return can be calculated. grams.

Table 3 shows the changes in consumer bene- The larger absolute value of consumer bene-
fits outweighs the producer benefits to the ex-
tent that the same relationships hold for the

TABLE 3. CHANGES IN BENEFITS sum of consumer and producer benefits as hold
UNDER ALTERNATIVE BRU- for the consumer benefits. That is, the 10-year
CELLOSIS PROGRAMS RELA- eradication program provides the largest posi-
TIVE TO THE PRESENT tive flow of the sum of consumer and producer
PROGRAM, SELECTED YEARS benefits, and the negative changes in the con-

sumer and producer benefits grow progressive-
10-Year Reduced No program No program o ro

Year eradication present 100% 50% No program ly larger as brucellosis control effectiveness
program program vaccinationvaccination no vaccination diminishes in moving from the present pro-

Million 1976 dollars diminishes in moving from the present pro-

Consumer benefits gram toward the no federal program/no farmer
~1978 ~0 0 0 0 09 vaccination practice.

1985 234 -210 -477 -1062 -1875 Annual program costs were estimated by
1990 486 -714 -1612 -3357 -5769 APHIS for each brucellosis program alterna-

1995 796 -1322 -2968 -6166 -10664 tive in 1976 dollars [1]. With the eradication
2000 1170 -2053 4program, containment and complete eradica-

2000 1170, -2053 -4575 -9593 -16742 .
tion would be expected in 10 years. Under this

Aggregate beef and dairy producer benefits

program, annual costs would peak at $119
1978 90 ~ 0 ~0 0 0 million in 1981. According to the APHIS

1985 -101 91 239 496 837
1985 -101 91 239 496 837 analysis, the 10-year program would include an

1990 -205 294 784 1527 2497 additional 10-year surveillance program to en-
1995 -329 506 1394 2695 4412 sure that the disease had been eradicated, at a
2000 -475 738 2070 4034 6634 cost of about $20.2 million annually. Dis-

Sum of consumer and producer benefits counted at 10 percent annually, the present
1978 o 0 0 0 0 value of the 23-year cost flow under the 10-year
1985 134 -119 -237 -566 -1038 eradication program is $664.9 million. The pre-
1990 281 -420 -828 -1830 -3273 sent program costs are estimated to be $76

1995 467 -816 -1575 -3471 -6252 million per year, for which the 23-year sum has
2000 696 -1314 -2505 -5559 -10108 a discounted present value of $742.4 million.

The reduced present program would cost $69
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million per year with a total discounted The benefit/cost ratio and internal rate ofpresent value of $677.6 million. The 100 per- return calculations for changes in consumercent vaccination practice with no federal pro- benefits, producer benefits, and the sum of con-gram would cost $72 million per year for sumer and producer benefits under the fivefarmer control measures with total discounted alternatives to the present brucellosis controlpresent value of $698.3 million. The 50 percent program are shown in Table 4. The benefit/costvaccination program would cost $34 million ratios are defined as average marginal in thatannually with a discounted sum of $328.8 they measure the average rate of increases (ormillion. If there were no federal program and decreases) in benefits in relation to costs ofno farmers' vaccination, the program cost each alternative in comparison with continuingwould be zero. the present brucellosis program. The internalUnder the no federal program options with rate of return is that time discount factorvarious farm vaccination levels, the costs are which makes the present value of the stream ofpredominantly producer costs; under the fed- benefits equal to the present value of theeral program alternatives, the costs are pre- streamofcosts.
dominantly, but not totally, taxpayer costs. The estimated average marginal benefit/costFor example, of the $742.4 million discounted ratios indicate that under the 10-year eradica-present value of the present program cost, tion program, a public investment of one dollarabout $60.5 million is producer costs. Thus, the would increase consumer benefits by 23 dollarsdistribution of costs and therefore returns on (Table 4). In contrast, saving a dollar by notinvestment is very different among the spending it on containing brucellosis under theprogram alternatives. From the alternative other program options would reduce consumerprogram cost estimates, the marginal program benefits from between 43 and 195 dollars. Thecost over the present program cost was cal-
culated for deriving benefit/cost ratios.
According to the APHIS estimation, the TABLE 4. BENEFIT/COST RATIOS, VAR-annual program cost of the 10-year eradication IOUS PROGRAM ALTERNA-program initially is higher than that of the pre- TIVES RELATIVE TO THEsent program, but in the subsequent years the PRESENT PROGRAM
annual cost of the 10-year program is less than Marginal

benefit s costs
a

over the pre- b/c rate ofthat of the present program [1]. The marginal 
fit pr ratio returndprogram cost for the 10-year program over the Consumer benefits: Milli

present program cost represents the 0-ear radication664.9 132.3 22.8 47

discounted sum of the positive values over Reduced present program -3888.6 677.6 -64.8 -60.0 -40those of the present program in the initial Noprogram,100%vaccine -8601.3 698.3 -44.1 -195.0 -57years ($132.3 million). The negative discounted No program, 50% vaccne -18212.5 328.8 -413.5 -44.0 -99values in the subsequent years are added to the program, no vaccine -31748.9 0 -742.4 -42.8

changes in benefits [1]. For other less effective ro 
program alternatives, the marginal program ea-1289.6 664.9 132.3 -9.7 -23
costs are computed by subtracting the total Reduced presen program 1524.4 677.6 -64.8 23.5 21

discounted values of the alternative program ram,100%vccine 4058.6 698.3 -44.1 92.0 37
N program. 50% . . 02ine 328.9 -41.5 9.4 92costs from those of the present program. 8029.1 28.9 -413.5 19.4 92

The 23-year total discounted present values Noprogram,novaccine 13307.4 0 -742.4 17.9

of changes in consumers' benefits (discounted Year eradicatio

at 10 percent annually) are estimated to be $3.0 program 1724.6 664.9 132.3 13.0 26billion, -$3.9 billion, $8.6 billion, $18.2 bi Reduced present program -2364.2 677.6 -64.8 -36.5 -28
billion, -$3.9 billion, -$8.6 billion, -$18.2 bil- "~ .. d ' ... .... 23.

lion, and -$31.7 billion, respectively, for the No prram 10%vaccine -43. 6928.9 -4138 -243. -71

10-year program, reduced present program, no Nprogram,nvne -18441.5 -742. -24.8 -
federal program with 100 percent vaccination,
no program/50 percent vaccination, and no pro- aTotal discounted present value for 23 years (from 1978gram/no vaccination practice (Table 4). For the to 2000).
changes in producer benefits in relation to the
present program, the total discounted present bSee APHIS Brucellosis Program Analysis pp. 8-17 for
values are estimated to be $1.3 billion, $1.5 bil- a discussion of the procedures used to calculate marginalprogram costs. The discounted present value of the pre-lion, $4.1 billion, $8.0 billion, and $13.3 billion. sent program cost is$742.4nte present value of the pre-
For the sum of changes in consumers' and pro-
ducers' benefits, the discounted benefits sum CA negative ratio indicates that a saving in program
amounts to $1.7 billion, -$2.4 billion, -$4.5 cost is more than offset by a loss in benefits.
billion, -$10.2 billion, and -$18.4 billion, re- dFor negative benefit, a negative internal rate of returnspectively. Although discounting reduces the was obtained by finding the time discount factor whichmagnitude of program benefits, no real new makes the stream of program costs minus benefits equal
information is provided for selecting one pro- to zero.
gram over another.
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estimated internal rate of return would be 47 CONCLUSIONS

percent under the 10-year eradication program
and ranges from -40 to -99 percent for the re-
duced present program and the no program/100 The application of benefit/cost analysis to

percent and 50 percent vaccination practices evaluate government programs proves to be

compared with the present program. useful. A major advantage of this type of

In terms of the sum of consumer and pro- analysis is that it can be kept simple. The key

ducer benefits, the estimated average marginal in the analysis is the reliability of the rate of

benefit/cost ratios indicate that a one dollar disease spread and program cost estimates.

increase in funding to eradicate brucellosis Extensive data collection and analysis would

under the 10-year eradication program would be required to make an in-depth evaluation of

increase social benefits by 13 dollars. A saving these variables. However, sensitivity analysis

of one dollar by not using it to contain brucello- can give decision makers a range of returns

sis under the other program options would under different assumptions. Based on the

reduce social benefits from 25 to 103 dollars APHIS estimated rate of spread and program

depending on the program alternative. The costs, the empirical results presented here

internal rates of return are estimated to be 26 show that public investment in a brucellosis

percent under the 10-year eradication program, program yields positive "real social benefits"

and from -28 to -71 percent for the reduced in excess of program costs. Separation of the

present program and for no program combined benefits into consumer and producer disaggre-

with 100 percent and 50 percent vaccination gates indicates that the brucellosis control pro-

practices, respectively, compared with the gram is "good consumer economics." That is,

present program. controlling brucellosis causes a positive supply

In terms of producer benefits, the average response, higher production, and lower prices.

marginal benefit/cost ratios take on a different Producers' benefits decrease as the program

relationship. Increased program spending options move toward eradication, but increas-

causes a decline in aggregate producer benefits ing consumer benefits more than offset the de-

and a decline in funding increases producer creasing producer benefits as well as program

benefits. The internal rates of return for pro- costs. For individual producers, the brucellosis

ducers' benefits under the reduced present pro- control programs reduce the chance of

gram and no program with 100 percent and 50 potentially extreme losses. The desirability of

percent vaccination practices are estimated to the various program options depends on whe-

be 21, 37, and 92 percent, respectively, com- ther the goal is to benefit consumers, produc-

pared with the present program. ers, or society in general.
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