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ABSTRACT

The spatial economic impacts of the red imported fire ant (RIFA) on the Texas cattle
industry were estimated using regression analysis. Data from a survey of Texas cattle
producers were used in conjunction with Agricaltural Census data o estimate economic
impacts statewide, and on a per county and per acre basis, The statewide economic impacts
on the cattle industry were estimated to be approximately $25% million annually, A 95%
confidence interval was also calealated, having a lower bound of 528 million and an upper
bound of $573 million. Estimates were also calculated for each county to evaluate the spatial
properties of RIFA impacts, Per county estimates highlight these counties with relatively
large damages associated with RIFA. Per acre damages highlight “hot spots” of RIFA
infestation within the state,
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The red imported fire ant (RIFA), Solenopsis invicta Buren, was introduced into the
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RIFA Infestation and Historical Spread
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Drees, 1996). An overall estimate of the current annual economic loss due to RIFA on
all economic sectors in Texas is $300 million dollars (Frisbie, 1997).

Livestock production in the state of Texas is a significant industry in the state’s
economy. It accounts for over $7 billion annually and contributes more than 50 percent
of the total estimated value of agricultural production in the state (USDA, 1996).

Given that RIFA continues to spread and that its spreading is a function of climatic
and geographical factors, it is desirable to develop methods and procedures to estimate
possible ex-ante impacts of its infestation. In particular, the objective of this study is to
revisit Barr and Drees’ estimated impacts of RIFA on the Texas cattle industry based
on climatic and geographical factors, and focus on the spatial impacts of RIFA on the
cattle industry in Texas,

METHODS AND PROCEDURES

Data from the cattle producers’ survey conducted by Barr and Direes (1996) were
used to re-analyze the economic impact of RIFA on the Texas cattle industry on a spatial
basis. Barr and Drees’ information was used to estimate RIFA damages as a function
of the number of cattle per operation, size of operation, location, and spatial weather
characteristics.

Total loss with respect to cattle injuries as well as damages to hay production for
those who produce their own feed was used as the dependent variable in the regression
model estimated. Several independent variables were considered. Some of the independent
variables that were suspected of affecting total loss were: climatic related factors, geograph-
ical location, number of cattle, number of acres, and length of time a particular region
had been infested with RIFA. The survey provided data for the county in which the
respondent lived, and the number of acres and cattle on their ranches. The other indepen-
dent variables were introduced by using dummy variables.

Several qualitative variables were examined using dummy variables as both intercept
and slope shifting variables. These included variables for the amount of annual rainfall,
the annual number of frost-free days, and the amount of time RIFA has been in the
area. The rainfall variable was chosen because RIFA population tends to thrive in areas
with greater amounts of rainfall. This variable was determined by the amount of rainfall
that each respondent’s county received during an average vear. The variables included
less than 20 inches, 20-34 inches, 35-48 inches and 49 inches or more of rainfall per year.

Another variable considered was related to the number of frost-free days per year
for particular counties. This variable was included because the greater the number of
frost-free days usually result in higher RIFA populations. This variable was used as a
dummy variable to separate counties into two categories: those with less than 290 frost-
free days and those with more than 290 frost-free days.

The last dummy variable dealt with the rate at which RIFA has spread over the
state of Texas. RIFA was first observed in Texas in 1953, but it is believed to have been
established in 1957, RIFA has continued to spread south and west through the state as
shown in Figure 1. Each respondent was assigned to a group based on their geographical
location in that map. Because of the small number of respondents in the first two groups
(1957 and 1967), these two areas were combined into Group 1. Group 2 corresponded
to the areas infested between 1967 and 1977. Group 3 corresponded to the areas infested
between 1977 and 1985, Group 4 corresponded to the areas infested between 1985 and
1993, And Group 5 corresponded to the areas located west of the areas infested by 1995,
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After establishing these dummy variables, a considerable number of alternative regres-
sions using several combinations of the independent variables were ran. Several functional
forms such as linear, quadratic, and semi-log were considered. These regressions were
ran to determine which functional form provided the best fit of the data. Using the best
mode! would allow the prediction of RIFA damages on a per county basis. That is, given
a county in a certain geographical location in the state, a total cost or damage estimate
can be determined for that county depending on the average number of cattle operations,
and the number of cattle and acres per cattle operation in that county.

The model that best {it the data took the following functional form:

TC = HG1, G2, (3, Cat, Cat’, GlAcre, G2Acre, FYD1),

where: TC represents the total damage to cattle and hay production caused by RIFA;
Gl to G3 are dummy variables based on the length of RIFA establishment; Cat represents
the number of cattle per operation; Cat® represents the number of cattle per operation
squared; GlAcre is a slope shifting dummy variable relating Group 1 of infestation and
the number of acres per operation; (G2Acre is another slope shifting dummy variable for
Group 2; and FFDI is the first category of frost-free days. There were a total of 1,415
observations in the data set used.

Once a regression equation depicting the total cost of RIFA to cattle and hay
production was determined, this equation was used to extrapolate the RIFA impact on
a per county basis. The procedures used to accomplish this included the use of 1992
census data to derive the average number of acres per cattle operation on a per county
basis {Agriculture Census, 1992). This information along with the geographical and
climatic characteristics of a particular county, were substituted in the regression equation
to derive a per cattle operation RIFA damage estimate. After this was done, these levels
of damages were multiplied by the number of cattle operations in a particular county to
determine the total damage on a per county basis.

RESULTS

As mentioned previously, several functional forms and combinations of the variables
relating to RIFA damages and number of acres per operation, number of cattle per
operation, dummy variables for the spread of RIFA, dummy variables for annual rainfall,
and dummy variables for the number of annual frost-free days were examined. The
estimated model was:

TC = 933800 + 1023300 * R1 + 1092.700 * R2 + 1639.200 * R3 + 23068 * CAT ~

{2.1818) + (2.6047) (3.9088) {6.2515) (5.9400)
0.000299 *CAT® +0.8998 * RIACRE + 0.50803 * RZACRE -~ 778.640*FFD1
(~6.2228) {3.1944) (4.9591) (-~ 1.9064),

where the variables are defined as before, and the numbers in parenthesis below the
coefficients depict their associated t-values. All estimated coefficients had the expected
signs and were significant at the 95 percent confidence level, except for the dummy variable
for the number of frost-free days, which was significant at the 90 percent confidence
level. The coefficient for the dummy variable of region one has a positive sign, indicating
a direct relationship with RIFA damage. The same is true about the coefficients for the
dummy variables for regions two and three. In short, the regional location was a significant
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determinant of total RIFA damage. The coefficient for the number of cattle variable was
found to have a direct relationship with RIFA damage. The number of cattle 54 amwl
coefficient is negative, indicating an indirect relationship with RIFA damage. Thus, it i
expected that after a certain number of cattle RIFA damage begins to decline. Speci {;mih
it was found that the number of cattle before the damage begins to decline is approximate ely
3,950 cattle.

Region one multiplied by the number of acres was found to have a déwm relationship
with the dependent variable. This is a slope shifter dummy variable. As the number of

acres change within this region, RIFA damages increase. Region t\m muhtiphed by the
number of acres was found to also have a similar effect on expected RIFA damages, but
at a shightly lower level.

The last independent variable included in the model was the dummy variable associ-

ated with the annual number of frost-free days. This variable was found to have a direct
relationship with the dependent variable. That is, the fewer frost-free days at a given
location, the lower the RIFA damages.

The coefficient of determination, or R, of the estimated equation was 0.0923. Due
to the fact that the reg ion model uses cross-sectional data and that the mmdium in
the dependent variable is large, this causes the model to have a low R% However, because

the R7is lower than what would be desired, a confidence interval of the estimated darmages
on a per county basis was calculated at the 95% confidence level. This provides upper
and lower bounds of damages

i

Per County Damages

Using the estimated equation, census information, e:§i;mi‘ic and geographic informa-
tion, a point estimate of the aggregate annual damage of RIFA to the state’s cattle
industry was found to be $254.847 million. In Figure 2, the point estimate of damages
is shown on a per county basis. As shown in that figure, the highest annual levels of
RIFA damages on the cattle industry are expected to take place in 16 counties in which
the levels of annual damages are estimated to be between $3 and $5.56 million, The
county with the highest level of estimated damage was Lavaca, Jocated in south central
Texas. Generally speaking, the counties expected to experience the greatest losses are
surrounded by counties that are expected to experience the second highest levels of
damages, between $2 and $3 million per vear, due to RIFA.

Given that the overall fit of the estimated equation, on which the above estimates
of damages are based, is not as good as desired, the reliability of the estimate of dama ges
; ste. For this reason, in Figures 3 and 4 the lower bound and
upper bound estimates of damages at the 95% confidence level are depicted, 1”‘e:wpe,:‘c:‘:,évcwﬁyu
At the 95% confidence level, the lower bound of the annual ¢ gate estimate of RIFA

es on the Texas cattle industry is $27.870 million and the upper bound of the
d;m agww is $572.904 million. The spread of these bounds reflects the less than desirable
fit of the overall equation. However, given the statistical significance of the
v mil les included in the regression model, it is §<::i{ that, while the estimated levels of
damages on a per county basis and for the state as a whole might not be as accurate as
desired, the relative magnitude of the damages from county to county provide valuable
insight in identifying counties in which RIFA damages are expected to be highest.
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Figure 4. Spatial Economic Impacts of RIFA, 1995 95% Confidence Level - Upper
Bound.

Per Acre Damages

County-wide estimates are useful in determining which regions of the state are
expected to be experience the highest levels of damages due to RIFA infestation. However,
counties which include large nrban areas generally do not have large damage estimates
because of the small numbers of cattle within these counties. For this reason, RIFA
damages were also estimated on a per acre basis.

Per acre damages were calculated in a similar fashion as the estimates on a per county
basis. The estimated equation was used along with census data to determine the damage
to the cattle industry on a per operation basis. This damage estimate was then divided
by the operations’ average size per county. Figure 5 presents the annual damages per
acre, per county.

As can be seen in Figure 5, most of the counties that were considered “hot spots”
for RIFA infestation on a per county basis, only have moderate damages on a per acre
basis. Because these counties have more acres devoted to cattle production, the overall
damage estimates are higher than other counties with higher per acre estimates. The
highest per acre damage estimate was for Hunt County at $28.06 per year. The per acre
damage estimates show those regions of the state which are being affected most by the
presence of RIFA.

Again, because of the low R? of the estimated equation, 95% confidence intervals
were caleulated on a per acre basis. Figures 6 and 7 show toe upper and lower bounds
of the annual per acre damage estimates, respectively.

SUMMARY AND CONCLUSIONS

Given an interest in identifying the spatial impacts of RIFA on the Texas cattle
industry, hypothesized relationships between RIFA damages, and characteristics and
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cross-sectional sample and that the varability of the RIFA damages reported from
respondent to respondent was large. Overall, the statistical power of the estimated equation
was not as good as would be desired, however some of the independent variables that
have an impact on Ji‘{‘i‘ A populations were found to be significant in a‘%;"ﬁmm:m the
economic damages of RIFA on the Texas cattle industry. 1t is felt that, 1 the way
in which RIFA mfestations and associated damages on the cattle industry take place, it
would be difficult to improve on the estimation of the economic impacts of RIFA on
the cattle industry derived in this study,
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