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ABSTRACT: This paper presents a general summary of an economic assessment of the United States Department ofAgricul~ 
(USDA), Animal and Plant Health inspection Service (APHIS), Wildlife Services (WS) Program iu Califomia (CA). Deiailoo 
,maiyses qunnlified WS economic benefits to each of the 38 counties that conuibuted cooperative funds in 2004, with an aggregate 
reporl of county result., used to fonn an overall statewide cst.imate of the Program's value. Four general categories of wildlife 
damage management activities were: Agriculture, Health and Human Safety, Natuml Resources, and Property. Two general 
methods of d.:tenruniog economic valuation were employed to quantify benefits: replacement-cost method, and damage-avoided 
method. ResuIts showed that the proteclio11 of livestock, particularly sheep, cattle, and goats, from pxedation was a main activity of 
WS--CA ~el in each ofthe eooperat ing collltlies. Annual estimated replacement costs for WS--CA operations for Year 1 Wld 
Year 2 ofthe analysis (i.e., approximately equivalent to fisca.l years 2003 1md 2004, respectively) totaled $6,605,234 and $8,602,590 
for the combined counties, respectively. Mean replacement costs for WS operations in the cooperating counties in Year land Year 
2 equaled $173,821.95 and $226,373.13, respectively. Given that the counties paid an average $51,798.10 shw·e to WUA in 
2003, the cowities would have incurred averaged net increased expenses of $122,023.85 and $174,575.03 for similar services 
offered by commercial wildlife damage management companies. 
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INTRODUCTION 
The Wildlife Services program has been in exist.encc 

for more than 120 years (USDA 1994). 'O1e 1931 
Animal Damage Control Act directed the U.S. 
Department of Agriculture to control wildlife for the 
benefit of protecting agricultural resources, forestry 
products, and public health and safety (USDA 1994). 
More recently, th.c 1988 Rural Development Agriculture, 
and Related Agencies Appropriations Act expanded 
functions to include the control of nuisance animals and 
birds, plus wildlife sources of disease (Clay 1.996). 
Personnel in the WS program set up cooperati vc 
agreements with federal land management agt-'llcies, state 
and county governments, livestock assnciations, Native 
Americau tribes, universities, and individual fanners/ 
ranchers to manage wildlif e-causcd damage and disease. 

In 2003, fiscal issues greatly impacted the State of 
California's budget. The state invoked budget cuts 
estimated at about $26 billion, resulting in a $980,000 
reduction of State conh·ibutioos to fund county 
pmticipation with WS-CA (C. Coolahan, pers. commun., 
2003). This abrupt 35% loss in fonds oaused many 
counties to assmne cooperat.ive payments and to question 
the return on Lnvestments from WS-CA. 

Also in 2003, California's Vertebrate Pest Control 
Research Advisory Committee (VPCRAC) fonded a 
comprehensive economic assessment ofWS operations in 
the state (Shwiff et al. 2005). At the ti.In~, the WS-CA 
program had cooperative agreements and memoranda of 
understandings wit11 40 of the state's 58 counties (69% 
participation) (Figure I). While most fanners and 
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a1uil~;0;c-~~~sment to delin~ii; p~tcnti~ 
AI~gs attTibuted to WS-CA was overdue. 
511 er presents a general description of 
~~ and results associated with the VPCRAC­
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CCo 1 2005). Economic ass~sment methodoloi;,ry 
~ures for quantifying the potential return on 

P: frolll wildli~e damage management activities 
~IIas program sefV!ccs. 

.aPROACJI AND METHODS 

of the benefits of WS-CA operations 
~~ idcotificat.io11 of the services provided to cooper­
1counties (Shwiff_et al. 2005). 'lllis entailed a swv~y 

-,,S district supervisors on a co~u1ty-~y-coWlty basis. 
~strict supervisors were asked to id~Ufy the ~op three 

damage .r_nanagemcnt services proVJded per 
caiegozy (i.e., Agriculture, Health an~ Human Safety, 

Resourc~, and Prope~ty) JU each_ county.
Responses for ag11cultural protection were dormnated by 
JjveStock protection for sheep, caltle and goats. Health 
tnd human safety activities focuse.d on general public 
safety and disease prevention. Natural resource protec­
tion was composed of services to protect riparian areas, 
trees and timber. and rangeland. Property activities were 
comprised of serv ices to provide protection to btlild.i.ugs, 
landscaping, and in-igation/dams. 

Actual frequencies of the top three services cited in 
the district supervisor smveys for the counties were 
derived from data collected in the WS-CA Management 
Infonnation System (MIS) database during the inclusive 
period 1999 through 2003. WS specialists routinely 
complete MIS forms to record actions that they take in 
the protection of each county's resources and to record 
estimates of loss associated with each event (USDA 
1994). 

Cooperative Costs 
County costs were valued as the 2003 cooperative 

shares paid by each county to fund WS-CA operations 
(Sbwiffel al. 2005). These costs are established annually 
between respective county Agricultural Commissioners 
and WS personnel. A $51 ,798.10 share represented the 
mean cost paid in 2004. 

Determination of Benefits 
1n most situations, the determination of economic 

benefits assumes that there is some market in which the 
Value of the commodity (goods or services) can be 
determined. The value of the commodity is therefore 
qetennined by the i11teraction between market supply and 
~emand. However, when markets do not exist then the 
e?lMd and supply schedules are not given and market 

Pnees and quantities can not be observed. In these cases, 
V~uation mus! be deteimined using nonmarkct tech­
niques (Randall 1984, Gramlfoh 1990). 

Benefit-cost analysis is most often used where there 
are noruuarketed goods and services to value, such as 

n~nl>er • of concepts anu !11=~- -

been developed (Zerbe and Dively l 994). Botn mai 11.1.,, 

and norunarket approaches are used to evaluate 
nonmarketed goods (Zerbe and Dively 1994). Accepted 
methodologies to value and detemune benefits of non­
market goods and services m·e replacement~c-,osl method 
and damage-avoided method (King and Mazzotta 2003). 

ReplRcement Costs 
The replacement-cost method was use<l to estimate 1he 

cost of replacing WS-CA or its services (King mid 
Mazzotta 2003). 111at is, a value was infen·ed by finding 
similar market values where the price or quanlity change 
was used to represent the missing market value (Gnunlich 
1990). Applications of this methodology are broad and 
include the assignment of value to a range of entities, 
including ecosystems, natural resources, property and 
countless other conunodities (Ulibarri and Wellmm1 
1997). Replacement values for WS were de!enniued 
using two replacement programs: agriculture (livestock 
protection) replacement: and health and hum.au safely, 
natural resources, and propeJty replacement (Shwiff et al. 
2005). 

Agricultllre (Li-vestock ProtecJ.io11) R.eplacement 
For agriculture or livestock protection (i.e .. sheep and 

cattle only), an C(1uivalent program (Marin County's 
Ranch lmprovemt!nt/Non-lethal Control and Jndern11ity 
Plan) was identified, and estimates of repfocement costs 
derived based on that program's costs for roughly 2003 
and 2004. This livestock protection program is an acl.uai 
method used i.n Marin Cotmly, CA to replace WS--C.A 
costs. TI1e trends i.n tbe levels of predation, indemnifica­
tion, participation, production, and reimbursements over 
two years of this alternative program's operation were 
used to calculate the costs to other counties jf they 
employed tbis alternative program (i.e., replaced costs). 

Marin County's Ranch lmprovemeut/Non-lethal 
Control and Indemnity Plan iovoJved two parts: a) 
monetary reimbursement for protection improvements to 
facilities (e.g., fencing, guard dogs, scare devices, etc.), 
and b) indemnification- compensatjon for livestock 
depredated by predators (market price per head lost). 
Predation rates of 1.5% (Year I) and 3 .2% (Year 2) were 
base<l on the number of lambs lost to predators in each 
year and a hypothetical lamb crop of 1.5 lambs/ I ewe. 
Indemnification costs al these levels of predation were 
calcuJatexJ by multiplying the number of lambs lost to 
predation by the market price given in the livestock 
protection re[)lacement program (Year J : $70/head; Year 
2: $82./head). 

To estimate total replacemcut costs, the infonnation 
regarding the level of reimbursement for protection 
improvements and indem11ificatfon was extrapolated to 
each WS cooperating county, based on the numb~r of 
sheep and cattle subject to predation. TI1e total cos! of 
replacing the WS-CA livestock protecti011 program in 
each cooper-c1ting county, therefore, was evaluated as the 
cost of monetary rcimbursernenl for protection improve-
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ments and indemnification for losses that each county 
would incur under this replacement program. 

Health andHuman Safety, Natural Resource, and 
Prope11y Replacemc11t 

To estimate the cost of replacing the service of 
capturing and removing animals that pose health and 
human safety threats or cause damage to natural resources 
and property, a range of costs was averaged for pest 
control providers across California. An arbitrary munber 
of commercial vendors were contacted via telephone and 
asked for charges associated with typical service calls. 
TypicaJly, pricing for service by commercial pest 
operators is based upon a single trap setup and removal of 
a single animal; wheyeas, a siugle damage incident 
reporLed by WS pcrsoonel may constitute multiple trap 
sets and the capture ofmultiple animals. 

To calculate these replacement costs, the number of 
incidents documented in the WS-CA M[S during the 5M 
year period (1999-2003) was multiplied by $170.00 in 
most cases, by $287.50 for be.aver incidents, and by 
$395.00 for coyote incidents, aml then divided by the 
number ofyears 10 detennine mean replacement costs per 
year. Removal of large predators other than coyotes such 
as mol.mtain lions and bears are generally not performed 
by the private industry. Therefore, incidents involving 
these species were calculated using the mean cost for 
coyote remova1, as the replacement cost for their removal 
was Likely higher. These calculations produce a very 
conservative estimate of what WS provides- a cost for 
the minimum replacement service likely to be performed. 

Damage Avoided 
The damage avoided method used the value of 

resources protected tmder the categories of agriculture, 
health and htunan safety, property, and natural re.sources 
as measures of the benefits provided by WS-CA 
activities (see King and Mazzotla 2003). It was posited 
that WS-CA activities prevented or suppressed wildlife­
caused damages in cooperating counties, therefore ifWS­
CA operations were to cease operations, damage to 
agriculture, health and hum.an safety, natural resources, 
and property would likely increase. Again, agriculture 
(livestock protectiou) was valued separately from the 
other categories due to its tmique characteristics. Here, 
the damage-cost~avoided method used the value of 
livestock protected and the revenue and jobs saved or 
protected that supporl the livestock i11 the cow1ty as a 
measure of benefits provided by WS-CA activitjes. 

An input-output (10) model was used to estimate the 
total value of damage associated with predation on 
Iiveslock that was avoided. Th.is model capture{! not 
only the direct effects of number of livestock loss 
avoided, but also the impact of increased predation on 
industries that directly and inclirectly support livestock 
production. IO modeling allows for the creation of a 
ma1hematical representation of the county and state 
economy so that changes in lhe number of head of sheep 
and cattle can be input into the model to dcterntine how 
that changes output (jobs and revenue) in the economy 

(Jones 1997). 
This modeling system IMPLAN°" (Minnesota 

lMPLAN® Group, Inc., Stillwater, MN) was used to 
estimate the impacts of e,eonomic change in a specific 
sector to other pruts of the economy. For the purpose.') of 
this analysis. U1e source of economic change is an 
increase in pre{lation on sheep aJld cattle due to the 
absence of WS. Relevanl scientific literature suggests 
that in the absence of predotion management. predation 
rates will likely incre.ase for both sheep and cattle 
(Bodenchuk et al. 2002). Lending further supp01t to thfa 
argument, the livestock protection replacement program 
previously described yielded predatiou rates that 
conservatively increased 1.7% from Year I to Year 2. 
·nms, for the IO analysis, hypothesized increased 
predation rates for sheep were sel al Uiree levels: 2% 
2.5%, and 3%; increased predation rates for cattle we1~ 
set at I%, 1.5%, and 2%. 

For example, to calculate the damage avoided for an 
increase in predation in the absence of WS-CA, a 2% 
increase in the current level of predation on sheep and a 
I% increase in the current level of predation on cattle 
served as our minimum level inputs into the IO model. 
These direct input changes then creale<l multiplier or 
secondary effects throughout lhe economy. For example, 
if a rancher loses sheep to predation. he might buy less 
hay, thereby reducing the sales of the local feed supplier, 
which in tum may reduce the amount of hay purchased 
from local producers and so on Jepending on the 
relationships in the economy. IMPLAN00 captured the 
secondary effects and calculated the impact on the 
amount of revenue diminished and jobs lost as ,1 result of 
the predatfon increase. The savings in <lainage costs 
avoided was measured by the amount of revenue a11d I.lie 
number of jobs affected by having WS-CA activities in 
each co1111'ty. Titis process was repeated for all levels. of 
damage for both sheep and cattle protection to dete1mme 
the total amount ofdamage avoided. . 

Similarly, the benefit of health and hummi sa~ety, 
natural resource..._ and property protection was dctcnnuicd 
by estimating a hypothetical increase in the amount,of 
damage under each resource category protected_. 1 he 
damages c,aused by wildlife incurred by 1he public were 
recorded by WS specialists using the MIS. Il is itnpo11an: 
to note that the WS MIS database only captures ~ Snlalh 
portion of the total wildlife damage that oc?urs Ill eacy 
county during a given year. Certa111ly, manr 
homeowners, ranchers, and fanncrs simply tolerate;e 
deal with damage on their own and don't rcr>~J to 
damage to WS-CA. Because it is i1~poss1 e e if 
determine the exact p1 oportiona I irn;rease 111 dai~~!ted 
WS were to cease operations, we have therefore r% SO, 
a range of possible levels. That is, increases O -· 'n1c 
and I 00% were used to cs~imate proj~ted <lru!ia~~c bY 
resultant total damage avoided valuations weiin 2,;% at 
increasing the current average level ofdamage Y~ -111 !110 
the lowest level, 50% at !he middle level, audull O\~ 10 be 
high level. Thls allowed for a benefit cl'llc atto C()SfJ 
made by determining the savings in darnag; 
avoided by having WS-CA activities in eacb c0uu • 
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cAlPlc,~sl'imated replacement costs for WS-CA 
Atlllual for year I and Year 2 of the analysis (i.e., 

~ti0116 Jy equivalent to fiscal years 2003 and 2004, 
111j0totaled $6,603,964 and $8,601,320 for the 

~uve colll.'lties, respectively (Table 1). These.costs 
tOll"bt11f ouinul:itive replacement totals for proJected 

·e (Marin Cmmty's Ranch lmprovement/Nor1-
1Ff~~ntr0l and Indemnity Plan extrapolation), health 

an safety, natural resource, and propcrty 
!lu~

1 
(derived from MIS frequencies and 

apc:'1'110.~ial operator fee estimates). Given that the
llQJl1"~! ,;aid a totaJ of $1 ,968,327.87 in cooperating 
i;DUJl;'C()sts, net annuaJ i.ncr~ed expenses of $4,635,~36 
Jha!C6632,992 w~ul~ be mcurred_ by the coopcraung 
:;des to attai11 s1m1Jar benefits afforded by WS-CA. 

Tab!• 1. Total replacement program benefits of Wildlife 
SefVJces operations In Callfomla. 

Livestock Protection 
HHS Protection' 
Nat. Resource Protection• 
Property Protection' 

I Year 1 I Year 2 

$5,878,595 $7,875,951 
$297,223 $297,223 

$13,634 $13,634 
$414.512 $414.51~ 

Total Replacement Pronram $6,603,964 $8,601,320 

'Replacement cosl calculated for only one year, 

More specifically, replacement costs for wildlife 
damage activities (i.e., agriculture, health and }uunan 
5afety, nmuntl resource, and prope1ty) i.n respective 
counties for Year I and Year 2 average<l $173,821.95 ,md 
$J26,373.13, respectively. Given that these counties paid 
amean $51,798. JO share to WS-CA in 2003, it could be 
argµed that an average net increased expense of 
$122,023.85 for Year 1 and $174,575.03 for Year 2 
would have been incurred to obtaio commercial wildlife 
damage management company services similar to those 
ofWS-CA. 

Assuming that damage from wilcllife would increase 
25 to I00 percent in the absence of WS-CA activities, it 
WM projected that Uie cooperating counties would bavc 
1!lctured between $5,758,612 and $l0,625,890 in addi­
UonaJ expenses (Table 2). Under the cunent drcum­
stauccs cooperating counties experience a minimwn net 
savu!gs of $3,790,284 ($5,758,612 - $1,968,327.87) or a 
bl~num of $8,657,562 ($10,625,890 - $1,968,327.87) 
Yusmg the WS Program. 

Table 2. Total prevented damage benefits of WIidiife 
Services operations In California-..._ 

..!!vestock Protection 

I Level 1 I level2 I Level3 

$5,520 321 $7 565,184 $9,672,741 
- HHS Protection $42,798 $85,597 $171 ,1 90 

Nat. Resource 
a_Protection $15,260 $30,519 $61,037 

~P-ertv Protection $180,233 $360,462 $720,922 
Tota/ Prevented 

._ Oamaao $5,758,612 $8,041,762 $10,825,890 

Jiic WS Program achieves certain economies of scale
thc1t Individual replacement programs do not. This is a 

resul1 of efficiency gams IUlllAvrn ~- • 

to the fact that WS can use a broad spectrum of available 
resources and technology to mitigate wildljfe damage 
problems. We conte11d that because alternative programs 
would not have these efficiency gains (e.g., the livestock 
replacement program) then rates of predation would be 
higher and resulting damages would be greater. For 
example. in Year I it would be possible to have 
replacement programs i.n place with an associated total 
cost of $6,603,964 and also to have increases in damages 
and loss to the economy of $8,041,762 (level 2), for a 
grand total of $14,645,726 (Table J). This grand total, 
minus the sum of cooperative share that the cooperative 
counties pay ($1,968,327.87) w uJd be viewed as a net 
benefit of $12,677,398 I.hat was realized as a result of 
contributing cooperative fonds to WS. The net value of 
WS operations in California was calculated to range 
between $10,394,248 and $I 7,256,882. 

Table 3. Total and net benefits of Wildlife Services 
operations in California. 

l Level1 I Level2 I Level3 

Year 1 
Total Benefit $12,362,576 $14,645,726 $17,227.854 
-Share Cost ll,968~ i1 ,968,3,28 U..968,328 
Net $10,394 248 $12,677,398 $15,259 526 
Year2 
Total Benefit $14,359,932 $16,643,082 $19,225,210 
-Share Cost 11 ,968,328 tl,.}lli{t&~ iUfilj,1~ 
Net $12,39·/ 604 $14,674,754 $17,256 882 

DJSCUSS(ON 
The current economfo aualysis of WS activities in CA 

demonstrated that mullJple returns on invested coopera­
tive dollars were provided to the cooperating counties. 
Wildlife damage protection was afforded mainly for 
agriculture, but protection of health and human safety, 
natwaJ resources, and property were also key areas. 

The aclivities and operations of WS-CA have 
monetary value; however, until now these services have 
been poorJy quantified. Economic methodology was 
derived that. afforded meaningful and reliable dollar 
valuations to WS-CA operations. Although a diverse 
group of techniques exist to value non-market commodi­
ties, the most appropriate and applicable to quantify the 
w1ique services provided hy WS-CA were shown to be 
the replacement cost and iliunage avoided methods. 

Additionally, it must be noted lbat the cooperating 
counties receive a nw11ber of i.ndi.rect and intangible 
benefits related to health and human safety, natural 
resource, and property (ll'Otection as a result of paying 
cooperative fi.mds for WS activities. Indirect benefits 
refer to diverse auxiliary benefits from professional and 
regulatury amenities that fe<leral agencies provide iu 
support ofagriculture. Examples include the requirement 
for WS to comply with National Environmental Policy 
Act (NEPA) regulations in tl1e conduct of wildlife 
management pract1ces, the training and certification of 
WS specialists in firearm safety and chemical use and 
disposal, the pru1icipation and support of professionals at 
the National Wildlife Research Center lo provide research 
and technical support on diverse pesticide registration and 
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use issues, the use ofcapture methods that adhere to "best 
management practice'' (BMP) guidelines for the removal 
of animals that come into contact with people, the safe 
disposal of captured animals using methods that meet 
current sanitation regulations, imd an accurate accmmting 
ofprogram activities via the MIS. 
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