ESM 206 Problem Set 5
Solutions
Contingency tables
A. 

1. Rabies prevalence does not differ between the two samples (Fisher’s Exact Test, P = 0.49).  Thus, if this is a random sample of the skunk population, rabies prevalence does not differ between the two regions.
2. In general, roadways are a nonrandom sample of the geographic extent of a region.  In particular, in Santa Barbara County, roadways probably over-represent urban, suburban and agricultural land uses, with the exact mix differing substantially between the regions.  If there is an association between rabies and land use, these data will not be representative of the county as a whole (although they may be representative of the population that poses a public health threat to humans).  Another potential concern is whether rabies causes behavioral changes that make skunks more or less likely to be hit by cars: if so, then the estimate of rabies prevalence is likely to be biased, but the bias is probably similar in both regions, so shouldn’t affect the comparison between the two regions.

B..  
1. These two species of insect are not equally susceptible to the insecticide (Fisher’s Exact Test; P = 0.024).
2. The P-values from the G test and chi^2 test are less than half that from the exact test.  One of the cell frequencies (dead species A) is only three, so the chi^2 and G tests are poor approximations to the exact test (rule of thumb is that minimum count should be 5).
Logistic regression
C. 
1) Logistic regression is more appropriate for two reasons.  First, the fraction alien should be constrained to be between zero and one, which it is not with OLS regression.  Second, the residuals from the OLS regression are not normally distributed, and have several extreme values (figure 1).
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Figure 1: Studentized residuals from the OLS regression of fraction exotic on Island and Population density.
2) The first model we looked at was Island + Population density.  When we put this into a logistic regression, both terms are strongly significant (Table 1), with log likelihood for the whole model being -38393.  The coefficients are in the expected direction, with fraction alien increasing with density and being higher on islands.

Table 1:  Coefficients for the first logistic regression model.
	Term
	Estimate
	Standard Error
	Chi Square
	P

	Intercept
	-2.412
	0.0116
	43190
	< 0.0001

	Population density
	 0.0003415
	0.0000757
	      20.33
	< 0.0001

	Island
	 0.9142
	0.0242
	  1429
	< 0.0001


The second model we looked at added an interaction between island and population density.  The coefficients are all significant (Table 2), with the log likelihood being -38303.  However, population density now has a negative effect on fraction exotic in mainland countries, while retaining a positive effect on islands.

Table 2:  Coefficients for the second logistic regression model.
	Term
	Estimate
	Standard Error
	Chi Square
	P

	Intercept
	-2.320
	0.0135
	29550
	< 0.0001

	Population density
	-0.002795
	0.000276
	    102.4
	< 0.0001

	Island
	 0.7594
	0.0269
	    794.4
	< 0.0001

	Population density * Island
	 0.003491
	0.000287
	    148.1
	< 0.0001


The third model added continent to the first model.  All of the coefficients are again significant, with the overall log likelihood being -36740.  This model is clearly the best of the three, with decrease of more than 3000 AIC units from the other models (table 3).

Table 3:  Comparison of the three models.

	Model
	Log Likelihood
	k
	AIC
	

	1
	-38393
	3
	76792
	3306

	2
	-38303
	4
	76612
	3126

	3
	-36740
	8
	73486
	0


3) In contrast to the OLS analysis, these results suggest that population density, continent, and whether a country is an island all influence the propensity of a country to be invaded.  Indeed, further exploration of the model suggests that we can also include interaction terms between island and density and between continent and density: these geographical characteristics affect the slope of the density effect, changing the signs of some of them.  Furthermore, these results still hold when we remove Bermuda (which was problematic in the OLS regression), with only modest changes in most of the parameter estimates.

Why are the P values so much smaller in this analysis than in the OLS model?  In the OLS model, the sample unit was a country, whereas here it is an individual species, so the effective degrees of freedom are much larger.  You can twist your head in knots trying to decide which makes more logical sense; but consider this: when we’ve looked at more than 17000 species (as in Australia), we can be sure that our estimate of 11.1% aliens is quite precise, and really is different from the 10.8% in the US.

Nonlinear regression
D. 
1. Nonlinear least squares regression requires that the error term be additive.  If we took the square root of the entire right hand side of the original model, the error would be inside a nonlinear function, so this could not be fit by NLS.
2. The parameter estimates are shown in table 4.  The 95% confidence limits of the intercept includes zero, but the other two parameter estimates are clearly positive. The r^2 of the model is 0.90 (calculated as 1-SSE/SST; the latter is in the OLS output of the earlier model).
Table 4: Parameter estimates for the nonlinear least squares chlorophyll model.
	Parameter
	Estimate
	Approx Std Err
	Lower CL
	Upper CL

	Intercept
	-5.089674055
	2.82139063
	-10.35884
	1.26213352

	Phosphorus
	0.1205672959
	0.05854733
	0.00564517
	0.24561293

	Phosphorus*Nitrogen
	0.0300814471
	0.00718242
	0.01545097
	0.04498482


3. Conceptually, this seems like it should be better than the OLS model with square-root-transformed independent variables, since it is closer to being a mathematical transformation of the original model.  The fit is very slightly better (MSE = 1.393, as compared to 1.436 for the OLS model).  The residuals from the two models are almost identical.  Thus, in this case we have not gained anything (besides conceptual satisfaction) by going to the nonlinear model.
