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Abstract: The United States veterinary profession has changed markedly over the past 20 years.
The human population has increased by 24% whereas the number declaring veterinarian as their
profession has increased by 50% and the profession’s female share has increased from 27% to
50%. We discuss some economics surrounding the allocation of male and female veterinarians
across space and then estimate bivariate tobit models of location choice for 1990, 2000 and
2010. Females are less responsive to the presence of large animals than are males. For both
genders, responsiveness has generally declined over time. The trend is strongest for hogs
whereas responsiveness has held steady for horses. Using animal caretakers as a proxy for
companion animals, we find that female veterinarians have become more responsive to this
indicator over the twenty years. Female employment in a region is consistently more responsive
to region income than is male employment while females have also consistently preferred to
work by a veterinary college. All else equal, female and male veterinarians tend not to locate in
rural areas. Aversion to rural areas has remained fixed over time among males but has
strengthened among females.

Keywords: Market incentives, Lifestyle preferences, Occupational activities, Practice location

1. Introduction

The practice of veterinary medicine in the United States is in flux, leading to a variety of
concerns about how the needs of those using and supplying veterinary services are being met
(Kelly et al., 2013). One of the more contentious questions is whether there is a shortage in
veterinarians in general, and food animal veterinarians in particular. Existing literature has
addressed this concern with contrasting conclusions. Some suggest that serious shortage exists
and will continue in the foreseeable future (Prince et al., 2006; Narver, 2007). This conclusion
is often based on views about social needs not being accounted for in market transactions,

where animal welfare, food safety and detection of exotic diseases are examples. However the

2



preponderance of evidence indicates no shortage, and even a surplus in veterinarian supply
(Getz, 1997; Brown and Silverman, 1999; Kelly et al., 2013; AVMA, 2013). This conclusion is
typically arrived at through market analysis, and is undergirded by the expansion in training
capacity at colleges of Veterinary Medicine in recent years. Since growth in demand has not
been as strong, many believe that additional supply is weighing down returns to investment in
the career (Nolen, 2013).

Notwithstanding the above, programs such as the Veterinary Medicine Loan Repayment
Program (VMLRP) indicate a policy concern that veterinarian shortage situations exist in some
service areas such as food animal practice and rural areas (Wang et al., 2012). In addition,
survey results suggest that rural areas are generally not preferred by veterinarians (Villaroel et
al., 2010). Intertwined with concerns about declining participation in large and food animal
practice are trends in gender composition. Recent decades witnessed a dramatic increase in
female veterinary student graduation. According to AVMA statistics, in 2009 for the first time
female veterinarians outnumbered their male counterparts with 44,802 female veterinarians and
43,196 male veterinarians. Lofstedt (2003) has suggested a causal relationship between the
increase in female share in all veterinary college graduates and the decline in participation
among recent veterinary graduates in food animal practice. Her view is supported by results
from an AVMA survey that only 4% of female veterinary graduates in the class of 2001 entered
large animal practice compared with 13% of male counterparts. The phenomenon is occurring
throughout high income countries. Heath (2007), for Australia, found that 76% of males vs. 88%
of females are working with small animals, while Kostelnik et al. (2010) discuss similar trends
in Germany.

This paper’s primary objectives are to explore the impacts of rurality and gender on
veterinarian’s location choice as well as how they have evolved over time. We do so by use of

United States census data. Survey methods allow for in-depth inquiry into the demographics of



and motivation for particular career choices. However, this approach covers a small subset of
the population and is prone to selection bias, while the survey population is seldom followed
over time. Instead we consider U.S. Equal Employment Opportunity (EEO) and census data
which is more objective and allows for comparison of trends across 1990, 2000 and 2010.

Our working hypothesis is that market forces determine where veterinarians locate. In this
paper we first discuss the nature of pertinent market and related forces. It is true that public
programs are in place to influence veterinarian practice location in the United States and
elsewhere but these are limited in scale and scope, see Wang et al. (2012) for an overview.
Suasion efforts have also been run by veterinary associations and colleges, but again these have
been limited in scale and scope. We know of no efforts to shape gender composition of
veterinary service supply.

After discussing market and related forces, we then provide a brief conceptual model to
clarify how these forces interact and to validate the equilibrium spatial location model that we
will posit for empirical analysis. In the empirical analysis we use a bivariate Tobit model where
male and female veterinarians are determined by the number of animals in different species,
rurality and other factors. As an alternative perspective, we also provide logistic models to
identify factors that determine the presence of a veterinarian in a region and the plurality status
of female veterinarians in a region. We discuss our findings, and then conclude with an

overview of policy issues relevant to matching supply with demand in the veterinary profession.

2. Economic Considerations
Labor force participation among women in the United States has increased from 36% in
1955 (DiCecio et al., 2008) to about 58% in 2011.* Changing social conditions and a revision in

expectations at the societal level have precipitated increased female attendance at college

! See http://data.worldbank.org/indicator/SL.TLF.CACT.FE.ZS.
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(Goldin, 2006). Labor shocks arising from World War 1l may have been responsible for some of
this change (Goldin and Olivetti, 2013).

A recalibration of the expectation to participate in the workforce during marriage and
childrearing years can increase markedly the expected return on investment in professional
qualifications. This effect will be reinforced when on-the-job learning and skill acquisition
complement coursework and when rewards from client relationship development are recognized;
all generally important features of clinical professions. Females with medical, dentistry, law and
advanced management degrees as a share of all recipients all grew dramatically toward parity
with males over the period 1965-2005 (Goldin, 2006). Goldin and Katz (2012) note that the U.S.
pharmaceutical profession is now dominated by females. They suggest that the profession’s
structural change away from proprietor operated dispensaries toward employment in national
chains or hospitals has allowed for more flexible, family-friendly terms of employment.
Similarly Golden argues that companion animal focused practices with regular hours and
scalable work activities also afford career flexibility, see Wessel (2010).

According to U.S. Census Bureau data, between 1970 and 2010 the United States’
population expanded by 52%. Between 1971 and 2010 American Veterinary Medical
Association (AMVA) records show an expansion from 25,665 to 90,201, or a 251% expansion,
in actively employed association members, see Kelly et al. (2013). The supply of DVM training
capacity is determined in a decentralized manner, much of it being supported by state and
federal tax dollars. Board certification is centralized in the United States where all states
recognize the North American Veterinary Licensing Exam (NAVLE). Much has been written on
the extent to which the primary actual purpose of licensing is the ostensible goal of signaling
and otherwise promoting quality or, alternatively, is intended to control supply, see Kleiner
(2006). The first attempt NAVLE pass rate for senior DVM students at accredited programs was

92% in Fall 2012 and was 40% for students at programs not accredited by the American



Veterinary Medical Association’s Council on Education. These numbers are typical so it is hard
to argue that supply management is an intent.

Of course, four year degree holders need to be willing to enroll. Economic principles hold
that enroliment will not meet capacity if prospective future terms of employment are
insufficiently competitive with those offered by alternative career choices. As more enroll,
prospective future supply increases and rational expectations about future veterinary service
prices decline. Willingness to enter such a program will also depend on factors beyond future
expected returns. Many are likely motivated to enter primarily out of interest in working with
animals and promoting animal wellbeing. Other motivations might include the opportunity to
blend professional practice with entrepreneurship, and to work in the field of applied science.

Price for services is not determined by supply and demand alone. Perceptions about service
quality also matter. Presumably if admissions offices are effective in identifying potential then
standards will be higher when training capacity is low. It is the collective responsibility of
government and the profession, through Board examinations, to identify and enforce acceptable
standards of competency. Ideally, information channels, law suits and professional oversight
would suffice to ensure adequate competency among practitioners. However, professional
service markets are fraught with information asymmetries in that relevant information is
difficult for the lay person to obtain and assess. Demand for services will depend on public
perceptions about standards. Independent of salary issues, supply will also depend on public
perceptions about standards to the extent that potential practitioners value a profession’s
reputation.

Governments heavily subsidize training at many professional schools, veterinary and
otherwise. They can do so by assuming the capital cost of expanding training capacity, and also
by subsidizing tuition. One motivation for providing such subsidies arises from the view that

these highly trained business professionals will create positive economic externalities, perhaps



through developing businesses in technically advanced industries. There are also social
concerns that commercial loan markets are insufficient to ensure that able and motivated
students from less advantaged backgrounds can finance their training without assistance. The
choice of subsidy instrument should reflect policy goals. If the intent is to facilitate educational
access by financially constrained students then tuition subsidies would suffice without recourse
to expanding capacity.

Expansion in DVM supply would weigh on profession salaries unless demand also expands
as robustly. Salaries have approximately kept pace with inflation over the period 1965-2007, see
Figure 10-2 in Kelly et al. (2013) and compare poorly with peer group professions such as
pharmacy, dentistry and medicine. To the extent that males do, or expect to, commit to a full-
time career and be a family’s primary income provider, these data may explain the decline in
male share of veterinarians.

According to Census data, the share of the U.S. population that is urban was 73.7% in 1980,
75.2% in 1990, 79.0% in 2000 and 80.7% in 2010. The presence of family members with a farm
background and of rural practice mentors ranks high among factors influencing entry into rural
practice (Schmitz et al., 2007; Villarroel et al., 2010). These connections are declining as
agriculture, and especially animal agriculture, becomes more concentrated (MacDonald and
Korb, 2011). Although veterinarians may in general prefer a rural lifestyle to the extent that it
admits opportunities to integrate animals into their personal lives, other lifestyle preferences
such as access to family education opportunities and to leisure services also affect veterinarian
location choices (Jelinski et al., 2009).

These lifestyle considerations may have a gender bias. For example, 58.1% of the civilian
non-institutionalized female population aged 16 and over were in the workforce in 2011
whereas the figure for males was 70.5%. Employed married females are more likely to be in

dual career families than are employed married males. Highly educated females are more likely



than other females to be married to highly educated males while employment opportunities for
such individuals are concentrated in urban areas (Murray, 2012). Female DVMs, who are highly
educated but not so highly paid, may choose to locate in urban areas in order to accommodate
their spouse’s career whereas male DVMs may not have the same incentives to do so. Rurality
also has supply side implications. Service costs increase as distance to the nearest service
provider increase. These costs have to be borne by someone and will deter market activity in
rural areas when compared with urban areas.

There are many sources of demand for veterinary services. Traditionally, demand to cure
farm animals dominated total demand. Growth in the non-farm population, greater overall
affluence and changing demographics have shifted demand toward companion animals since the
1960s. Real per capita income has increased while its dispersion has also grown (DeNavas-Walt
et al., 2012), creating more opportunities to serve affluent companion animal owners. More than
70% of U.S. veterinarians whose employment status is known to the AMVA are at least partly
engaged in companion animal practice (Kelly et al., 2013). In addition, the nature of farm-level
demand has changed. Commercial herds have become larger (MacDonald and Korb, 2011) with
lower returns per animal so that individual attention is no longer profitable. Correspondingly,
disease management has become preventive and is increasingly administered at the herd level.

Demand outside private practice includes local, state and federal government, institutions of
higher education, the armed services and industry. These sources of employment, although
significant and likely growing, account for less than 20% of all veterinarians. The most
significant of these alternative employments is at institutes of higher education, where about
6,500 are located (see Table 1-1 in Kelly et al., 2013). These may be employed in teaching,
research, outreach to animal owners and others or clinical activities. Thus one would expect
demand to be particularly high in regions that include a veterinary college. Veterinarians may

also wish to locate near a veterinary college for many reasons. They may have interned there, a



spouse may have started a career in the region while the DVM was being trained or the
veterinarian may value career advancement opportunities that proximity to a college provides.
Again there may be a gender dimension. Average age at first marriage in the United States is
28.6 for males and 26.6 for females (U.S. Census Bureau, 2011). To the extent that DVMs
follow this pattern, females are more likely to marry into a career environment while
completing their training than are men.

We take the major effects on the marketplace to be as follows. On the demand side, an
increase over time in per capita income would suggest increased willingness to pay for
companion animal veterinarian services. In addition, structural change in animal agriculture has
likely decreased demand for food animal health services. On the supply side, an increase in
overall supply has occurred with particular growth in the supply of female DVMs. Consider for
the moment an increase in supply of female DVMs only. If we assume that female DVVMs prefer
working with companion animals then we may apply the following logic. At given salaries, the
number of companion animals that the stock of veterinarians are willing to serve increases
relative to the number of food animals they are willing to serve. All else equal, the price of
companion animal veterinary services should fall by more than the price of food animal
veterinary services in order to restore equilibrium. On the other hand, growth in income should
place upward pressure on prices and income for companion animal veterinarians. Thus, supply
and demand side considerations should lead to strong upward growth in the number of
companion animal veterinarians. But the effects on incomes in the companion animal side of the

market, when compared with the food animal side of the market, are less clear.

3. Conceptual Model

We consider two markets, rural and urban. Demands for veterinary services are given as:

D'()=¢6,—6P +5,0%; D'()=¢y —¢/ P +5,Y; (1)



where D' and p' are demands and prices, respectively, with j=r for rural and j=u for
urban. One can also think of p" and p" as, respectively, rural and urban veterinarian incomes.
Of course demand is downward sloping in that ¢ >0, j e{r,u}. Rural demand increases with
agricultural output prices, p*, so that ¢, >0 while urban demand increases with disposable
income, Y , sothat ¢, >0.

The stocks of women and men DVMs are given as K" and K™, respectively, with total

stock K =K' + K™. These stocks are assumed to be exogenous in that they come to be for
reasons outside the present model, perhaps due to the social trends that allow increased
opportunities for women, changing views on animal welfare, or as the outfall of expansion in
the Land Grant Universities. Aggregate preferences for urban and rural practice are modeled as

quasi-logistic as follows;

f f.r
Share of females in rural market:  S™"(1"", 1) =— fA ( f) —;
A(I™)+B (1)
: . fuppfu gt Bf(lf'u) .
Share of females in urban market: S™“(1"", 1"") = ———+ —]
A(I')+B (1) @
Share of males in rural market : S™A™L 1™ = AT ;
Am(lm,r)+Bm(|m,U)
H . m,u m,u m,r Bm(lm’u)
Share of males in urban market : S™A™ ™) = .

Am(l m,r) _I_ Bm(l m,U)
Here the functions A" (:), A"(-),B"(-) and B™(-) are monotone increasing while the functions

I 17 1™ and 1™ are linear indices signifying strength of preference for different job
characteristics, including animal mix in practice, price for services, preference for rural practice
location, etc. Full details on how such aggregate preferences can emerge upon integrating out
idiosyncratic preferences characterized by the extreme value distribution can be found in
McFadden (1974).

From (1) and (2) above, when supply and demand are equated then
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(3a) Equilibrium in rural markets: ¢ —¢/p"” +<cip? = K"S™ () +K'S""();
0 1 2

. 3
(3b) Equilibrium in urban markets: ¢ —¢l'p" +¢5Y = K"S™ () +K'S"™();

where p"” and p“" represent equilibrium veterinarian service prices in rural and urban markets,
respectively.

Upon summing the equations in (3) we obtain
Sotso—GiP =g P+ pP +5Y =K. 4)
So if the total stock of veterinarians, K, increases then equilibrium across markets will be

restored by a decrease in the price of services provided in rural areas, p"”, or in the price of

services provided in urban areas, p“”, or in both. Similarly, for a given total stock of

veterinarians an increase in income or farm animal prices will allow for an increase in the prices
of veterinarians services provided in rural and urban areas. Relation (4) connects aggregate
demand with aggregate supply, but it does not address how DVM supply is allocated between
rural and urban markets. We will shortly turn to this spatial allocation issue.

We specify the linear indices as

f,laglar f.smsm,r.

1" =" +a'p +a" ™ + o

f,laglau f,sm_sm,u.

" =a™+a'p'+a" ™ o

m,la,lar m,sm._,sm,r. ( )

T=a™ +a"p" +a™ 2 +a™"z

m
| ,

| m m,la lau

u :am,u +am pU +a vA +am,smzsm,u.

where 2, z™", 2" and z"™ enumerate the number of large and small animals in

representative rural (with superscript r) and urban (with superscript u) practice locations. All
coefficients are held to be positive so that veterinarians prefer more income and like to treat all
animals. The relative magnitudes of these coefficients reflect relative preferences for salary over

different animal types treated and for rural over urban practice locations.

Upon inserting (4) into (5), using p*" = (g +65 —6i P +63P™ +5,Y —K) /g, we obtain
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equilibrium indices written in terms of p"” only as,

If,r flaglar f,smosm,r.

T=a" ' p" +a P

af,u + af(g(; +gg _glrpr,*+g2rpag +g;Y B K) +af,lazla,u

| Fau = - +af,smzsm,u;
51
m,r* m,r mr* m,la la,r m,sm.,sm,r (6)
I":a’+ap‘+a’2‘+a‘2‘;
m r u_ rar> r ~ag Uy
Im,u,* — am,u + a (GO +go gl p j‘gzp +g2Y K) +am,lazla,u +am,smzsm,u.
51
When employing (3), (4) and (6) we may rewrite equilibrium in rural markets as
r rar” ra KmAm(Im,r,*) KfAf(If'r’*)
So—G P 6 p¥= (7

CATA™TY+B™A™) AT Y+ BT (1YY
It should not be a surprise that scaling up the stocks of male and female DVMs, by allowing
K™ > AK™and K" — AK" with A >1, will decrease both p"* and p"".

Instead of dwelling on other, quite intuitive, sensitivities, we inquire into how a change in
gender share, while keeping total stock fixed, affects the equilibrium value of p". Notice that

the rural service price arises in each index in (7). In the appendix we show the following:

d " sign m,r* rx
b = SO =810 ©

where again the superscripted * signifies evaluation at market equilibrium. Hence,

Proposition 1: Suppose that the proportion of all female veterinarians that practice in rural
locations is smaller than the proportion of all male veterinarians that practice in rural locations.
Then an increase in the share of female veterinarians, while holding the total stock of
veterinarians fixed, will increase the price of rural veterinary services and decrease the price of

urban veterinary services.

The effect on urban service price, p*”, is obtained from (4). To be explicit about

implications of (8), use the expressions in (2) to obtain
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m,la, la,r m,sm sm,r)

son AM(a™ +a"p" + o™ 7™ + ™"z
- Bm (am,u +am pu,*+am,laz

5" ()-8 ()

+az)

©)
flaglar f,sm sm,r)

Ala" +a'p" +a"P7* + a2

f,laolau f,sm sm,u)'

Bf(af’“+afp”'*+a 2" +a' "z

For the sake of clarification in argument, suppose differences in preferences between male
and female preferences are captured entirely by preference indices and furthermore, as is
standard in logistic analysis, that the index transformation functions are exponential. Let this
function be of form e”', >0, so that the right-hand side in (9) becomes

jm.r

g e77|f' sign ; . .

T ™ = A+(a"—a')(p" - p™);

A — Am—f,r—u +Am—f,la(zla,r _ ZIa,u) +Am—f,sm(zsm,r _ Zsm,U).

Am—f,r—u = am,r _am,u _af,r _I_af,u; (10)

Am—f,la = am,la _af,la;

Am—f,sm — am,sm _af,sm

Therefore,

d " sign m r* u*
G b = At (@ —a )P~ p"). (1)

Let us dwell for a moment on A, its sign and its composition. Component A™ " =

a™ —a™ —a"" +a" is adifference in difference or comparative preference. It is positive if,

all else equal, male veterinarians prefer rural locations more than female veterinarians do. Note

that ™ —a™ and a'" —a'" can both be negative and yet the difference can be positive. The
preponderance of males and females can both dislike rural life intensely. What matters here is
comparative preference. Thus if the occupation pool shifts increasingly toward female

practitioners then female rural salaries will have to rise in order to draw professionals, be they

male or female toward rural locations. Component A™ " (z"" — z*") is the product of the

male-female preference differential for large animals, o™ —a ", and the rural practice to
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urban practice differential in large animals, z*" —z"*". Presumably z*" > z*" so that if men
have a comparative preference in treating large animals then A™"?(z"*" —z*")>0, A will be
more positive (or less negative) and the shift toward a more female profession is more likely to
increase rural veterinary income. Quantity A™ "™ (z"™" —z*™) can be interpreted similarly. We
summarize as follows.

Proposition 2: Suppose that i) female and male preferences for income are the same, or

a™ =a' . Then an increase in the share of female veterinarians, while holding the total stock of
veterinarians fixed, will increase the price of rural veterinary services and decrease the price of
urban veterinary services if and only if A>0.

i) female preference for income is greater than male preference for income, or o™ <", and
also that equilibrium income in rural practice is less than that in urban practice. Then A>0 is
a sufficient condition for an increase in the share of female veterinarians, while holding the
total stock of veterinarians fixed, to increase the price of rural veterinary services and decrease
the price of urban veterinary services.

iii) female preference for income is less than male preference for income, or &™ >« ", and also
that equilibrium income in rural practice is greater than that in urban practice. Then A>0 is a
sufficient condition for an increase in the share of female veterinarians, while holding the total
stock of veterinarians fixed, to increase the price of rural veterinary services and decrease the

price of urban veterinary services.

Two further comments are warranted. It may seem to be somewhat circular to explain a

derivative of rural returns to veterinary practice as a function of the magnitude of those returns,

as is the case in expression (11). Terms included in A and also ™ —«a" affect the value of p™”

so direct consideration of A and a™ —a" do not capture all of their impacts on the derivative.
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This would be a concern were parameters in A and o™ —a' the only determinants of p"* and
p"” . However agricultural output prices, p*, area income, Y , aggregate veterinarian stock, K,
and female component, K", all have independent impacts on rural and urban returns to practice.
So we can be sure that very high area income will push up willingness to pay for companion
animal services so that p"* < p“” can occur independent of parameters in A and o™ —a'
while very high agricultural output prices will ensure that p"* > p*" regardless of parameters in
Aand ¢"-a'.

Finally, consider when A+ (a™ —a")(p"" — p**) > 0. Then a shift toward a more female
veterinary profession further increases rural incomes, decreases urban professional incomes and

maintains the sign of A+(a™ —a)(p"" — p“") . However, the comparative static can also work
at cross purposes. If A+ (a" —a")(p™" = p“") >0, a" <a' and p"" > p"” then an increase in
K" could lead to a switch in the sign of A+(a™—a')(p"" — p**) so that any further increase

in K" would cause a decrease in p"* and an increase in p“”. Monotonicity in sign is not

guaranteed.

4. Materials and Methods
4.1. Data collection and management

For the analysis the unit of concern was the county or county set in the United States’ 48
contiguous states. Alaska, Hawaii and unincorporated territories were excluded in large part
because their extreme geographic features would distort findings.

The number of veterinarians in a county or county set in years 1990, 2000 and 2010 were
obtained from Equal Employment Opportunity (EEO) tabulations. Data for 2010 were taken
from the EEO tabulation of 2006-2010, which is comparable to tabulations from 1990 and 2000
censes. EEO tabulation data contain the number of female, male and total veterinarians. Note
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that EEO Tabulation data in years 2000 and 2010 use county sets. County sets are aggregations
of one or more contiguous counties such that the aggregated human population exceeds 50,000.
EEO Tabulation data for 1990, however, are provided for each county, regardless of population.
For the purpose of consistency, we have grouped counties in the 1990 dataset into the county set
defined in both 2000 and 2010. As these two regrouped datasets lead to very similar model
estimates, therefore we will only present results from the 1990 dataset when grouping by 2000
county sets.

For each county, livestock species numbers were obtained from the USDA Census of
Agriculture from census years 1992, 2002 and 2007. Data for livestock were all cattle (labeled
cattle), all hogs (hogs) and all horses (horses). Consistent and reliable data were not available on
pet populations at the county level of analysis. Thus, we choose nonfarm animal caretakers as a
proxy variable for pets. According to the Bureau of Labor Statistics, these animal caretaker
duties are to “Feed, water, groom, bathe, exercise, or otherwise care for pets and other nonfarm
animals, such as dogs, cats, ornamental fish or birds, zoo animals, and mice.” The source of
nonfarm animal caretakers is also EEO Tabulation data.

We also included two other demographic variables to capture willingness to pay for
veterinarian services. These variables were the county set’s human population in 1990, 2000
and 2010, and the average per capita income data from the preceding year. These data were
extracted from U.S. Census Bureau, decennial censi conducted in 1990, 2000 and 2010.

The Index of Relative Rurality (IRR) was also obtained for each county. This index is based
on four dimensions, being a county’s population, population density, extent of urbanized (built-
up) area and distance to the nearest metro area (Waldolf, 2006). This variable was included in
the model to account for how rurality can affect equilibrium spatial location of veterinarians
through how it enters their preferences and costs of doing business.

Distance to the nearest veterinary college, as calculated by CDXZipStream software, was
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obtained for each county set. For a detailed description of the method, see Wang et al. (2012).
To account for distinctive effects associated with counties in which a veterinary college is
located, we distinguished these counties by use of a veterinary college indicator variable labeled
‘college.’ For the purpose of analysis, we have converted the spatial reference unit for all the

variables into county sets. Table 1 provides summary statistics for all county set level variables.

4.2. Models

A bivariate Tobit model to capture possible interdependence between female and male
veterinarian locations. This interdependence could be due to location of practices in larger
market towns that can serve plural counties, to marriage between veterinarians or to other

omitted variables. The model can be specified as the following form:
Vi =X, + Uy; Yy = max{yy,0}; (12)
Yai = X, + Uy, Yz = max{y;, 0}; (13)
where y; and y,. are latent variables for female and male veterinarians, respectively. Their
censored counterparts are y,. and y,,, which are the observed numbers of female and male
veterinarians. The vector of explanatory variables is denoted by X, which include animal

caregiver, cattle, hogs, horses, (human) population, income, college, distance to college and the

rurality index; while u,; and u,, are the error terms that take a bivariate normal distribution,
BVN (X B,Xf3,,0{,0%,p). Here o} and o} are the standard deviations of the marginal
distributions for latent variables y;, and y,., while o stands for the correlation coefficient.

Note that the coefficient estimate in the Bivariate Tobit model reflects how a unit change in an

independent variable affects the expected value of the latent dependent variable, i.e.,

OE(y")/ox, = B.. The marginal effect on the expected value of the dependent variable is
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calculated as OE(y)/ox, =®(X S/ o) p, (McDonald and Moffitt, 1980) where ®(:) is the

cumulative normal distribution function.

In order to supplement insights from regressions (12)-(13), we also include two logistic
regression models. In Logistic Model A, our response variables take binary values; 1 whenever
the county has at least one veterinarian and 0 otherwise. The intent is to shed light on factors
determining the presence of a veterinarian and how their importance has changed over time
without regard to gender. For Logistic Model B we use only the subset of county sets which
contain at least one veterinarian. The response variable is assigned value 1 if female
veterinarians outnumber male veterinarians and 0 otherwise. The intent is to consider
determinants of gender composition and its change over time without regard to the number of

veterinarians in the county set. Both Model A and Model B can be expressed in the form:

S; . .
In (—'J =y, + y,caregiver, + y,cattle, + y;hogs, + y,horses, + ypopulation,

1-s, (14)

+ ysincome, + y,college, + y distance; + y rurality, + 7,
where 7. represents the random error term. In Model A, s, is the estimated probability that the
ith county has at least one veterinarian, whereas in Model B, s, can be viewed as the estimated

probability that there are more female veterinarians in the ith county. The bivariate Tobit model

and the Logistic models specified in this section were estimated using SAS 9.2.

5. Results
5.1. Descriptive Statistics

From Table 1 we can see that at the county set level, the national average number of male
veterinarian has changed little over the past two decades. However, the number of female
veterinarians has increased by 173% over the same period, surpassing male veterinarians

slightly by 2010. At the regional level, statistics as depicted by Table 2 show that the number of
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male veterinarians declined in the Northeast and Midwest but increased in the South and West,
regions with more rapidly expanding human populations. The number of female veterinarians
increased by well over 100% in all four regions. Among all regions, Midwest experienced the
slowest increase in total veterinarian number while West experienced the fastest growth.

In Table 3, veterinarians are grouped by rurality index. We can see that about 60% of male
veterinarians are working in the 30%ile most urban areas and about 16% work in the 30%ile
most rural areas. These fractions have not changed much over the years. Compared to their male
counterparts, female veterinarians have been more concentrated in urban areas throughout the
years. Around 70% of the female veterinarians work in urban areas, while only about 10% work
in rural areas and the fraction has shrunk somewhat over the decades. Location choices suggest
more female veterinarians are working with small animals. Since 16% > 9%, these data support

S™()=S"""(\) in Proposition 1 and so suggest that a shift in profession gender composition

toward females, holding total stock fixed, should increase rural salaries and decrease urban
salaries.

A proxy variable for the unknown number of pets, animal caretaker, demonstrated a steady
increase from 1990 to 2010 (Table 1), mirroring an increase in pet industry expenditures as
revealed by American Pet Products Association (APPA)’s survey

(http://www.americanpetproducts.org/press_industrytrends.asp, visited on 5/21/2014). The

number of animal caretakers increased by 69% over the period.

Among livestock populations, cattle numbers have remained about the same across the past
three decades. However this population is more concentrated than before, as the maximum
number increased from 1.4 million in 1992 to 1.9 million in 2007. In similar manner, spatial
concentration has occurred in the hog industry with the maximum hog number in 2007 doubled
when compared to 1992. The horse population has increased by 91% over the period, increasing

dramatically between 1990 and 2000. The average rurality index value has declined across the
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years, indicating an urbanization effect experienced by many areas.
5.2. Model estimates and interpretation
5.2.1. Bivariate Tobit model

Tables 4 shows the coefficient estimates of the Bivariate Tobit model, along with marginal
effects, ME, for different dependent variables. Table 5 shows response elasticities, as computed
from Table 4 coefficients and Table 1 variable means. Response elasticities are computed as

(ME for x) xX / y where X is the regressor variable mean.

A review of Table 5 indicates that both male and female DVMs are responsive to animal
caregivers. Males are more responsive to cattle than are females, and female responsiveness is
declining. Male responsiveness to swine is very low while women DVMs are no longer
responsive to the presence of swine. These estimates reflect the declining relevance of farmed
animals for the veterinary profession at large. Amongst large animals, DVMs are most
responsive to horses. This sensitivity appears to have weakened somewhat over time among
women DV Ms but has held steady among men.

Sensitivity to population is not strong, where inclusion of animal caretakers may have
adequately controlled for how pet numbers vary with the human population. DVM employment
IS very sensitive to per capita income. This sensitivity reflects a likely strong pet service
elasticity in response to household income. When compared with men, the extent of women
DVMs in a region is markedly more sensitive to income. Women DVMs are also comparatively
more responsive to the presence of a college in the county set. Although the signs are generally
as is to be expected, distance to a veterinary college is not important.

DVMs are averse to rurality while women DVMs have become markedly more averse to
rurality over time. Bear in mind that these three snap-shot regressions over time are not to be
taken as evidence that DVMs are moving out of rural areas. Data in Table 3 establish that

veterinarian presence in the most rural areas has grown by 54% since 1990, roughly equal to
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growth in the most urban areas although one should bear in mind that the whole country has
become less rural. Since 2000, the number of veterinarians in the 30%ile most rural areas has
grown by 11%, while growth in the most urban areas has been 28%. Given the growth in overall
stock of veterinarians, it is only in a relative sense that they increasingly shun rural areas. Since
2000, a disproportionate fraction of the net increase in DVMs has chosen to locate in

metropolitan areas.

5.2.2. Logistic model A

Table 6 lists the coefficient and point estimates for Logistic model A, where the dependent
variable takes value 1 if there were at least one veterinarian in the county set and 0 otherwise.
For 1990, statistically significant variables are the proxy for companion animals (caregiver) as
well as cattle, hogs and horses. Note that when cattle number increases by one unit (i.e., 1,000
cattle), then the odds ratio for veterinarian availability increased by factor 1.012. The odds ratio
increase for hogs and horses were 1.009 and 1.294, respectively. It is intuitive, and consistent
with our formal model, that when animal value increases then the odds ratio for veterinarian
availability will also increase. As a low value animal, hogs no longer had a significant impact
on veterinarian availability in 2000 and 2010.

When per capita income increases by $1,000, the odds ratio for veterinarian availability also
increases by about 1.3 in each of the three census years. This indicates that area income directly
affects expenditure on veterinarian services. Income generally plays a more important role than
the number of animals. Rurality also became significant in 2010, though it was not in 1990 and
2000. In 2010, when rurality increases by one unit (i.e., from most urban to most rural), the
odds ratio for veterinarian presence increases by the factor 8.11. It appears that veterinary
practices are being set up in locations that were passed over by earlier DVM cohorts. Note

however that the average number of veterinarians in more rural places is generally lower
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compared to the urban areas (tables 3 and 4). This phenomenon may also explain the declining
magnitudes across time of many coefficients in Table 6. If veterinarians are present almost
everywhere then many factors influencing demand explain the number of veterinarians but no
longer explain their presence.

The point estimate for veterinary college is greater than 999.99, meaning that veterinarians
can definitely be found if there is a veterinarian college located in the same place. It is not
significant however, because veterinarians also exist in places where no veterinary college
exists. Distance to a veterinary college had a negative impact on veterinarian presence but, as

tables 4 and 5 also suggests, it has declined in significance.

5.2.2. Logistic model B

The purpose of logistic model B is to determine potential factors that cause female
veterinarians to outnumber male veterinarians in a county set. Results are displayed in Table 7.
A pattern that rings clear across the years is that whenever cattle and hog numbers increase in a
region then the male share in all DVMs increases. Turning to our proxy for pets, in 1990 the
probability that female veterinarians outnumbered male veterinarians fell as the number of
animal caregivers increased. In 2000 and 2010 this is no longer the case. Instead, income and
college became significant in these two years. Specifically, when either income increases or a
veterinary college is present in an area then the odds that female veterinarians outnumber male
veterinarians significantly increases. There is also some evidence of declining interest among
women DV Ms in caring for horses. The overall picture then is that although the number of
female veterinarians has greatly increased, they have been drawn to work on companion

animals, in colleges, and in higher income areas.

6. Conclusions and Discussion
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In this article we have studied how market forces and the increasing supply of veterinarians
have affected veterinarian location and veterinarian activities in the United States between 1990
and 2010. We have paid particular attention to the increasing supply of female veterinarians.
Two findings that pertain to large animals are that presence of swine in an area have marginal
impact on veterinarian demand while cattle and horses are increasingly served by male
veterinarians. Female veterinarians are very sensitive to companion animal numbers and to an
area’s average per capita income. Having sought to control for other factors, our results suggest
that both genders express a disinclination to locate in rural areas and also that this disinclination
has grown over time. A logistic model seeking to account for presence of a veterinarian on an
area suggests that practitioners have competed by locating in places that were passed over by
previous generations of practitioners.

It remains for future work to address why students with promising alternative career paths
have been willing to incur substantial debt in order to enter a profession with salaries that are
low when compared with medical careers requiring comparable training. If widespread public
disquiet about overcapacity has provided insufficient warning then surely widely available
information about low and declining salaries should have sufficed? Do students assume that
those responsible for that capacity are well-incentivized to match supply with demand? Have
political considerations peculiar to Land Grant Institutions played a role? To what extent are
student loans a factor? When compared with other medical professions, are prospective student
veterinarians distinctively vocation-drive or particularly nawe? Why have other medical
professions escaped this excess capacity outcome? Might DVM specializations that reduce
movement between farmed animal and companion animal sectors allow for more targeted
capacity interventions?

It also remains for future work to establish guidance on prospective long-run veterinary

service demand in a changing profession. Although the effects of changes in gender
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composition and refocusing toward companion animals may have largely run their course, other
issues are emerging. Veterinary services are not as heavily regulated as disciplines in human
medicine, providing animal owners with alternatives not available in the human medicine arena.

Internet search now provides opportunities for lay diagnosis, however ill-advised.
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Table 1. County set descriptive statistics -1990% 2000 and 2010

Std. Min.- Std. Min.- Std. Min.-
Variable Year Mean Dev. Max. | Year Mean  Dev. Max. | Year Mean Dev. Max.
Male veterinarians 1990 24.84 39.84 0-749 | 2000  25.11 36.5 0-455 | 2010 24.68 39.54 0-690
Female veterinarians 1990 9.045 20.10 0-356 | 2000  16.40 30.8 0-380 | 2010 24.71 47.55 0-665
Animal caregiver 1990 7352 13851 0-1,105| 2000 83.78 147.8 0-3,130 | 2010 124.47 236.2 0-4,485
Cattle (x10°) 1992 67.92 11436 0-1,401| 2002 67.50 121.6 0-1,487 | 2007 66.42 1324 0-1,902
Hogs (x10%) 1992  40.07 110.33 0-1,235| 2002  42.84 160.9 0-2,456 | 2007 46.80 188.7 0-2,584
Horses (x10°) 1992 1449 1.582 0-15| 2002  2.580 2.465 0-26.97 | 2007 2.774 2.724 0-31.13
Population (x10°) 1990 171.65 370.78 21-8,863 | 2000 194.97 410.0 25-9,519 | 2010 207.82 432.3 28-9,819
Distance (miles) ~ ----- 125.74  92.56 0-666 | ----- 126.78 93.4 0-666.3 | ----- 121.04 8161 0-602
Veter. College {01} 1990 0.019 0.137 0-1|2000 0019 0.14 0-1|2010 0.019 0.14 0-1
Income (x10°) 1989 9.748 2521 2.6-21 | 1999 14.61 346 4.4-29.4 | 2009 17.76 4.210 6.8-44.0
Rurality <[0,]] 1990 0.429 0.158 0-0.84 | 2000  0.381 0.18 0.04-0.74 | 2010 0.377 0.14 0-0.75

& County level data for 1990 are regrouped into the 1,409 county sets that were used in 2000.
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Table 2. Veterinarians by Region, 1990-2010

1990 2000 2010 Percent Change, 1990-2010

Male Female Male Female Male Female Male Female  Total
Northeast 5,300 2,694 5,311 4,374 5,230 6,715 -1.3% 149.3% 49.4%
Midwest 10,073 2,932 9,747 5,779 9,460 8,020 -6.1% 1735% 34.3%
South 12,748 4,374 13,162 7,729 13,490 12,505 58% 185.9% 51.9%
West 7,393 2,915 7,597 5,453 7,980 8,890 7.9% 205.0% 63.6%
uU.S. 35,514 12,915 35,817 23,335 36,160 36,130 1.8% 179.8% 49.2%

Table 3. Veterinarians by Rural Index, 1990-2010". Parentheses indicate the percentage of that gender.

1990 2000 2010
Male Female Male Female Male Female
30%ile most 21,023 8,921 20,222 15,636 21,425 24,332
urban (60.1%) (70.0%) (57.2%) (67.7%) (60.0%)  (68.0%)
30%ile most 5,479 361 5,851 2,228 5,918 3,056
rural (15.7%) (10.1%) (16.5%) (9.64%) (16.6%)  (8.54%)

1990 data is regrouped in 2000 county set.
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Table 4. Parameter estimates for Bivariate Tobit model —Male and Female Veterinarians

1990 2000 2010
Male Female Male Female Male Female
T Max | Marg. e
Lik’hood Effect

(ML) (ME) ML ME ML ME ML ME ML ME ML ME
Variable Coeffi. Coeffi. Coeffi. Coeffi. | Coeffi. Coeffi. Coeffi. Coeffi. | Coeffi. Coeffi. Coeffi. Coeffi.
intercept  -5.46 -28.22 -17.56 -37.40 -18.99 -35.95
caregiver  0.203 0.154° 0.057 0.028° |0.175 0.133° 0.144 0.088° [ 0.099 0.066° 0.152  0.087°
cattle 0.023 0.017° 0.002 0.001 0.026  0.020° 0.003 0.002 0.019 0.013° -0.001 -0.0003
hogs 0.021 0.016° 0.005 0.003 0.009  0.007° 0.002 0.001 0.012  0.008° -0.008 -0.004
horses 2.538 1.924° 1.802 0.884° {1750 1.328° 0.718 0.436° {1786 1.190° 1.472  0.839°
population 0.011 0.008" 0.021 0.010° |{0.001 0.0009 0.003 0.002 0.017 0.011° -0.001 -0.0007
income 1.724 1.307° 2.326 1.142° 1.778 1.35° 2.517 1.528° 1.476 0.983° 2.498  1.425°
college 37.83 28.68° 35.67 17.50° {3299 25.04° 55.03 33.41° [ 26.68 17.78° 66.23  37.76°
distance -0.022 -0.016° -0.005 -0.002 {0.011 0.008 -0.000 -0.000 :-0.001 -0.000 -0.005 -0.003
rurality -21.98 -16.66°  -6.552 -3.215* | -22.70 -17.23° -10.10 -6.128% |-30.17 -20.1° -4552 -25.96°
rho 18.422° 14.595° 21.33¢ 19.602° 27.04° 32.61°

Notes: a, b and c indicate significance at 10%, 5% and 1% levels, respectively.
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Table 5. Response elasticities based on Bivariate Tobit model —Male and Female Veterinarians

caregiver cattle hogs horses population  income college  distance rurality
Female, 1990 0.228 0.008 0.013 0.142 0.190 1.230 0.037 -0.028 -0.152
Male, 1990 0.456 0.046 0.025 0.112 0.055 0.513 0.022 -0.081 -0.288
Female, 2000 0.450 0.009 0.004 0.069 0.020 1.361 0.039 0 -0.142
Male, 2000 0.444 0.053 0.012 0.136 0.007 0.785 0.019 0.042 -0.261
Female, 2010 0.436 0 -0.008 0.094 -0.006 1.024 0.029 -0.013 -0.396
Male, 2010 0.334 0.034 0.015 0.134 0.093 0.708 0.014 -0.002 -0.307

Table 6. Parameter estimates for Logistic model A (1=there is at least one veterinarian in the county set)

1990 2000 2010
ML Point ML Point ML Point

Variable Coeffi. Estimate Coeffi. Estimate Coeffi. Estimate

intercept -2.5903 — -4.2390 — -5.3430 —
caregiver 0.0248 1.025° 0.0160 1.017° 0.0037 1.004°
cattle 0.0121 1.012° 0.0067 1.007° 0.0057 1.006°
hogs 0.0089 1.009° 0.0006 1.001 -0.0001 1.000
horses 0.2579 1.294° 0.3123 1.367° 0.0478 1.049°
population  0.0070 1.007  0.0113 1.011° 0.0141 1.014
income 0.2542 1.289° 0.3135 1.368° 0.2649 1.303°
college 13.472 >099.9  12.3413 >999.99 14.377 >999.99
distance -0.0022 0.998*  -0.0012 0.999 -0.0014 0.999
rurality 0.5077 1.661 0.9907 2.693 2.0931 8.110%

Notes: a, b and ¢ indicate significance at 10%, 5% and 1% levels, respectively.
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Table 7. Parameter estimates for Logistic model B (1=female veterinarian outnumbers male veterinarian in the county set where at

least one veterinarian exists)

1990 2000 2010

ML Point ML Point ML Point
Variable Coeffi. Estimate Coeffi. Estimate Coeffi. Estimate
intercept  -2.748 — -1.222 — -0.682 -
caregiver  -0.005 0.995" 0.001 1.001 0.0008 1.001
cattle -0.005  0.995° -0.004 0.996" -0.002 0.998"
hogs -0.003 0.9972 -0.002 0.998? -0.003 0.997¢
horses 0.030 1.031 -0.082 0.921° -0.015 0.985
population  0.001 1.001 -0.0004 1.000 -0.0004 1.000
income 0.053 1.055 0.055 1.057° 0.049 1.050°
college 0.783 2.187 1.409 4.093° 0.794 2.212°
distance 0.002 1.002° -0.001 0.999 -0.0005 0.999
rurality 1.032 2.807 -0.885 0.413 -0.493 0.611

Notes: a, b and c indicate significance at 10%, 5% and 1% levels, respectively.
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Demonstration of relation (8):

Bearing in mind that K™ = K —K ", completely differentiate (7) with respectto p"™* and K'

to obta

-

in

KmAIm(I m,r,*) dl m,r* . KmAIm(I m,r,*)Am(I m,r,*) dl m,r*
Am(l m,r,*) + Bm(l m,u,*) dpr,* [Am(l m,r,*) + Bm(l m,u,*)]Z dpr,*

. KmB|m(| m,u,*)Am(I m,r,*) d| m,u,* K f Alf (| f,r,*) C“ for»*

[Am(l m,r,*) + Bm(l m,u,*)]Z dpr,* - Af (I f,r,*) + Bf (I f,u,*) dpr,*
KfAIf(If,I‘,*)Af(If,I',*) dlf,r,*+ KfBIf(If,r,*)Af(If,u,*) dlf,u,*
[Af (I f,r,*) + Bf (I f,u,*)]2 dpr,* [Af (I f,r,*) + Bf (I f,u,*)]Z dpr,*

ST () =S™ () AK I g

fixed

which may be re-written as

-

-g

KfAIf (I f,r,*)Bf(I f,u,*) dl fr* N KfBIf(I f,r,*)Af (I f,u,*) dl fu>*
[Af (I f,r,*) + Bf (I f,u,*)]Z dpr,* [Af (I f,r,*)+ Bf (I f,u,*)]2 dpr,*

ST ()= S™ () AK "y g -

fixed

Some algebra then establishes

|

-

and so

Blm(l m,u,*) dl m,u,* ~ Alm(l m,r,*) dl m,r* Am(l m,r,*)Bm(I m,u,*) Km
Bm(| m,u,*) dpr,* Am(l m,r,*) dpr,* [Am(l m,r,*) + Bm(l m,u,*)]z

+|: Blf (I f,r,*) dl fu* ~ A|f (I f,r,*) dl f,r,*:| Af (I f,r,*)Bf (I f,u,*)

Bf (I f,u,*) dpr,* Af (I f,r,*) dpr,* [Af (I f,r,*) + Bf (I f,u,*)]Z

ST =S™ ()K" I g

fixed

gr KmAim(I m,r,*)Bm(I m,u,*) dl m,r* . KmBIm(I m,u,*)Am(I m,r,*) dl m,u,*
1 [Am(l m,r,*) + Bm(l m,u,*)]Z dpr,* [Am(l m,r,*) + Bm(l m,u,*)]Z dpr,*

f_r

S

dp™

dp™”

dp”

r*

(A1)

(A2)

(A3)



40

41

42

43

44

45

46

din[B m(,ul,*”)]dl _dIn[Am(yrI‘*")]dI ST ()S™ (YK 4
dl dp dl dp o™
p"
din[BT(1™*)]dl ™" dIn[AT(I"")]dI™" ) oy s . ,
[ f('u’* )] — _ [ f('r’* )] — Sf, k (')Sf, s ()Kf _gl
dl dp dl dp
={S$"""()=8"""()}dK b -
Finally,
dp"”
Frai et
_ S f ,r,*(') _ Sm,r,*(_)
dIn[B"(1™)] dI™" dIn[A"(1™ )] dI™" S™I()S™ (YK 4
dim” dp"” dim™ dp"”

din[BT (1) dl ™" dIn[AT(17")]dI™" ) oy e -
(BN dInA U s s ek —g
dl dp dl dp

Now the denominator can be signed as follows:

<0
>0 <0 >AO >0 -0
dIn[B"(1™ )] dI™  dIn[A"(™ )] dI™ T s N
[ m(,u,* )] rx [ m(,r,* )] r* ST ()S . ()K
dl dp dl dp
<0
>0 <0 >0 >0
dIn[Bf‘(If'“**)]dIf’”'* dIn[AfA(If'r'*)]dI;'r'* = 2
+ fux i . - Sf”(-)Sf*“"*(-)Kf—glr <0.
dl'v dp” dlhn dp”

Demonstration of relation (10):

r

1

(A4)

(A5)

(A6)



77|m r 7l fir
e _en(lm,r_lm,u) _e”(lf,r_lf‘u)
g™ 7l fu =
€
_ en(am,r_am,u+am(pr.*_pu,*)_*_am‘la(Zla‘r_zla,u)_'_am,sm(Zsm,r_zsm,u ))
e”(af,riaf,quaf (pr,*ipu,*)Jraf,Ia(zla,rizla‘u )Jraf ,sm(Zsm,rizsm,u ))

47 SEHA_I_ (am _af )(pr,* _ pu,*); (A?)

A — Am—f,r—u +Am—f,|a(zla,r _ Zla,U) +Am—f,sm(zsm,r _ Zsm,U);
Am—f,r—u Eam,r _am,u _af,r +af,u;
Am—f,la

Am—f smo_

a fla.
a

am,l _
am,sm _af,sm.
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