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Introduction:

Regression analysis will be used to determine what/if lake information can be used to predict the average fish weight (in pounds) of the lake.  Data is based of a random sample of lakes in Minnesota.  The most powerful regression model will be constructed by selecting the variables that provide the highest adjusted R-squared value.  The regression will be conducted at a 95% confidence level.
The independent variables are size of lake (in acres), max depth of lake (in feet), clarity (in feet based on the Secchi disk method), and an indicator of whether or not the lake tested positive for any diseases that make effect the health of the fish living there.
The Secchi disk method for measuring clarity drops a small, colored, metal disk into the water until it can no longer be seen.  This depth is recorded in feet as the clarity. 
The initial model will incorporate the four independent variables as well as one constant term.  Then subsequent models will be run with fewer explanatory variables.  Each model will be evaluated based on the R-square and each variable based on the t-statistic.
Variables:

Y = average fish weight
X1 = lake size

X2 = maximum depth of lake

X3 = lake clarity

X4 = disease indicator

Initial Model (Four Variables):

Equation: 

Y = .000001 X1 - .003335 X2 - .009157 X3 - .20419 X4 + 1.58821
	Regression Statistics
	 
	 
	 

	Multiple R
	0.121667328
	 
	 
	 

	R Square
	0.014802939
	 
	 
	 

	Adjusted R Square
	-0.005201063
	 
	 
	 

	Standard Error
	1.825027024
	 
	 
	 

	Observations
	202
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.588209852
	0.239044883
	6.643981789
	2.91456E-10

	Area
	7.53659E-07
	2.05873E-06
	0.366079143
	0.714698845

	Max Depth
	-0.00333519
	0.002925436
	-1.140065851
	0.255643065

	Clarity
	-0.009156695
	0.035883187
	-0.255180643
	0.798849793

	Disease
	-0.204190086
	0.397670629
	-0.513465342
	0.608201227


The maximum depth of the lake is the most significant predictor of the average weight.  This is intuitive given that this will allow more room for the fish to grow and hide from preditors.
However, the R-square is very low which means that this is not a very good model to start with and that lake attributes are not very predictive of the weight of the fish.  Intuition says that it is probably more correlated with the species.  Given that these are the variables available, a model will try to be found using these.
Clarity has a very low t-statistic, signifying it’s not a strong predictor of average weight.  Therefore it will be dropped from the model.

Second Model (3 Variables)

Equation: 

Y = .0000003 X1 - .0036176 X2 - 0.016286 X4 + 1.6153049
	Regression Statistics
	
	
	

	Multiple R
	0.120321601
	
	
	

	R Square
	0.014477288
	
	
	

	Adjusted R Square
	-0.000454875
	
	
	

	Standard Error
	1.820713374
	
	
	

	Observations
	202
	
	
	

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.553092244
	0.194995357
	7.964765254
	1.27196E-13

	Area
	8.68382E-07
	2.0043E-06
	0.433260374
	0.665297243

	Max Depth
	-0.003539544
	0.002807041
	-1.26095196
	0.208809913

	Disease
	-0.243455891
	0.365827366
	-0.665493928
	0.506509118


The maximum depth of the lake is still the strongest predictor.  The R-square dropped slightly; however, a good model has as few variables as possible.  Considering the both pieces, this model is preferred over the initial model.
It seems likely that the area of the lake and the maximum depth would be correlated.  In looking at the correlation between the two, the results show that the correlation is .143.  This implies that there is a level of correlation; however it’s not at a very high degree.

However, the correlation coupled with the low t-statistic, provides support in removing area from the equation and re-testing the resulting model.

Third Model (2 Variables)

Equation: 

Y = - .003521622 X2 - 0.189790191 X4 + 1.569260388

	Regression Statistics
	
	
	

	Multiple R
	0.116374223
	
	
	

	R Square
	0.01354296
	
	
	

	Adjusted R Square
	0.003628819
	
	
	

	Standard Error
	1.816993647
	
	
	

	Observations
	202
	
	
	

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.569260388
	0.191000215
	8.216013736
	2.64573E-14

	Max Depth
	-0.003521622
	0.002801002
	-1.257271963
	0.210128719

	Disease
	-0.189790191
	0.343516423
	-0.552492335
	0.581231106


Again the R-square has been reduced, but not necessarily significantly enough to reject the model.  However, the t-statistics have decreased for both remaining variables, which may imply that the three-variable equation is a better model.
With the maximum depths t-statistic being much greater than disease than it may be beneficial to consider the one variable model.

Fourth Model (1 Variable)

Equation:

Y = - .004074972 X2 + 1.561551435

	Regression Statistics
	
	
	

	Multiple R
	0.109680559
	
	
	

	R Square
	0.012029825
	
	
	

	Adjusted R Square
	0.007089974
	
	
	

	Standard Error
	1.813835001
	
	
	

	Observations
	202
	
	
	

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.561551435
	0.190158734
	8.211831247
	2.66195E-14

	Max Depth
	-0.004074972
	0.002611271
	-1.560532201
	0.120215114


The R-square has no decreased significantly since the 3 variable model and the t-statistic has decreased comparatively as well.  Therefore, it’s concluded that the 3 variable model is the better model to use.
Conclusion:

The best model to predict the average weight of fish is:

Y = .0000003 X1 - .0036176 X2 - 0.016286 X4 + 1.6153049

Given:

Y = average fish weight

X1 = area of lake in acres

X2 = maximum depth of lake in feet

X4 = presence of a disease in the lake

This model indicates that the deeper the lake is, the heavier the fish will be.  

