

MONT 105N – Analyzing Environmental Data


Chapter 13 Project:   Taxes on Toxics

Name _Nick Lovullo______________________        Name__Chung Nguyen_________

Name ___Oriola Arapi ____________________        

(This project is adapted from a project developed by our textbook’s authors.)

Overview

In this project you will investigate the amount of RCRA waste produced by several counties in a state.  RCRA waste is solid waste assigned a federal hazardous waste code and is regulated by RCRA—the Resource Conservation and Recovery Act. (Note: RCRA is pronounced “wreck-ruh”.)  You will devise a strategy to fine counties that produce lots of hazardous waste, and reward counties that produce lesser amounts of hazardous waste.  The concepts of normal distributions and z-scores will play an integral role in your strategy.

Obtain the Data

Prof. Little will provide your group with a printed data sheet listing RCRA and population data for one of six states.  Your state: _New York__________

Enter the Mean RCRA Waste data by county into an Excel spreadsheet.  (This is just the data from Column 1 toward the middle of the data sheet – Note:  you do not need to enter the data for each of the four years given – 1991, 1993, 1995, 1997.)


1.  Analyze the RCRA data

a)   Listed on the data sheet are the counties in your state that produce the greatest amount of RCRA waste.  Production values are given for the years 1991, 1993, 1995 and 1997.    For the first 2 counties on the data sheet, compute the mean RCRA waste amount from 1991 to 1997.  Show work below.  

(12,802+12,969+13,603+1,121,866)/4=290,310 tons (Albany) 

(6,288+2,373+3,257+11,929)/4=5,962 tons (Bronx)

b)   Do your values agree with those listed in the column “Mean RCRA Waste”? _yes__  What are the units of measure for the mean?  

-tons


c)   Scan the data to find a county with a huge change in RCRA waste generation from one 2-year period to the next: which county, how much waste one year, how much in the next year?  What is the percent change from one 2-year period to the next?

Monroe

’95: 276,983

’97: 43,919,749

Percent Change: 15,756% 

d)  Such extreme changes in hazardous waste production might not seem reasonable; maybe the numbers are in error.  But maybe not!  Give one reasonable explanation why RCRA waste generation might change so much in one 2-year period.


-2  One possible explanation is that a large waste-producing facility (say a large factory) either opened or closed in the county during one of the two-year periods.  

e)  For the mean RCRA waste values, compute the following statistics. Round to the nearest ton..

sample size  __30_______

minimum = ___1,496__________     maximum = ___11,100,910________     

mean _______578,444_________     
   standard deviation ______2,043,612_____ 

The total of all values  is given by the SUM function in Excel.  What is the total of the mean RCRA waste produced by the counties on your data sheet?

17,353,323

f)  Make a frequency histogram of the mean RCRA waste values and cut and paste into this document for the answer to this part. Your histogram should have 6 bins, but you will need to select the bin boundaries based on the range of values you see.  Hint:  We discussed ways to do this using Excel before.
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g)  Inspect the histogram.  Are the mean RCRA waste values normally distributed (even approximately)?  Explain.

-No, the mean RCRA waste values are not normally distributed. Most of the data was not in the center, like a normally distributed histogram should be. 

h)  For the mean RCRA waste data, compute the 7 numbers: xbar – 3 SD, xbar – 2 SD , xbar – SD, xbar , xbar + SD , xbar + 2 SD , and xbar + 3 SD .  Round to the nearest ton.

Xbar-3SD= -5,552,392 tons

Xbar-2SD= -3,508,780 tons

Xbar-1SD= -1,465,168 tons

Xbar= 578,444 tons

Xbar+1SD= 2,622,056 tons

Xbar+2SD= 4,665,668 tons 

Xbar+3SD= 6,709,280 tons

I) Do any of the 7 numbers come out negative? If so, do these numbers have any physical meaning? Can you have negative mean RCRA waste in reality?

Yes, 3 of the 7 numbers came out negative. No, they do not have any physical  meaning, as in reality there can be no negative mean RCRA waste. 

j)  Sometimes there are data that seem to be “way out of bounds.”  Statisticians call these numbers outliers; outliers are numbers that lie at least 3 standard deviations away from the mean.  Are there any outliers in your mean RCRA waste values?  If so, what are the names of the counties?

Yes, we have one outlier in our mean RCRA waste values. The county is Monroe with a value of 11,100,910 tons. It is an outlier because 3SD’s is 6,709,280 tons, which is far less than the value of Monroe. 

You probably noticed how outliers tend to dominate calculations and skew histograms.  Sometimes we know that outliers are caused by error, and so we can delete them from the data set. But sometimes they are accurate, and we must leave them in.  In the RCRA data, you don’t know whether your outliers are accurate or erroneous, so leave them in!  For the final question of this project (part 6 below) you can investigate the source of the largest outlier.

23/25 on this part.  

2. Per Capita Waste

a)   Now, imagine that EPA hires your group as consultants to determine fines to impose on counties that are “environmental offenders.”   Your supervisor suggests that counties that generate the most RCRA waste should be fined the most.  Discuss why this system might not be fair.

This could be unfair for a number of reasons. The first being that some counties are larger than others based on population and these counties cannot control the amount of waste that their people generate. Also, some counties are larger than others in size alone, which means more factories, companies, etc. which also results in more waste generated.

OK – Another thing to think about, though:  a different unfair situation might be one where the population of the county is small but there is some large factory or other waste-producing facility in the county.  Then the per capita waste amount would be large even though it is just due to one large facility that might not have much to do with the population of the county.

Another approach is to fine the counties that produce a lot of waste relative to their population size.  In other words, fine the counties that have the highest mean RCRA waste per capita (per person).

b)  For the first 2 counties listed on your data sheet, compute (by hand) the mean RCRA waste per capita.  Convert the result so that the units are in pounds per person.  Show work below.

Albany: 290,310 tons/292,594 people=.9921x1000=992.1 lbs per person

Bronx: 5,962 tons/1,203,789 people= .00495x1000=4.95 lbs per person

-1:  Oops.  There are 2000 lb in one ton, not 1000.  So your figures are off by a factor of 2.   (The English system strikes again!)

Repeat the above calculation for all counties on your data sheet.  Put the per capita RCRA values into a new column in your spreadsheet. 

c)   Do the first 2 entries in Excel match what you computed earlier?  ___yes____

d)   For the per capita mean RCRA values, compute the following statistics.  Round to 1 decimal place.

minimum = _____5__________     maximum = ____15,548.2___________     

mean ___1,440.9__________     
   standard deviation ____3,683.1_________     

e)   Make a frequency histogram of the per capita mean RCRA waste values.  Again use 6 bins.  Cut and paste from Excel into this document.  Label and scale axes appropriately.
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12/13 on this part.  

3. Carrots and Sticks

You have normalized the county data by computing the per capita RCRA waste. Now you come up with the idea to penalize the heavy-polluting counties with waste fines and reward the light-polluting counties with waste credits.  Here’s how your plan will work.

Counties that have RCRA waste production above the statewide mean will be fined, and those with RCRA production below the statewide mean will be given waste credits.  To reward and penalize the counties on a continuous scale, you decide to base the fines and credits on z-scores.  Recall that a z-score will indicate how many standard deviations a county lies above or below the statewide mean.  Z-scores are computed with the usual formula:  z =  ( x – xbar )/SD

In the formula, x is each county's per capita mean RCRA waste, xbar is the statewide mean of per capita waste values, and sd is the standard deviation of the statewide per capita waste values.

a)  Compute the z-score of the per capita waste values for the first 2 counties on your data sheet.  Show work below.


Albany: (992.19 – 290,310) / 2043612.038 = -0.14157

Bronx: (4.95 – 5962) / 2043612.038 = -0.00291

b) Now use Excel to compute all the z – scores.  If you have put the per capita waste values in column H, say starting in cell H2, and computed the mean and SD of the per capita waste values in cells H41 and H42 (for instance – your spreadsheet may end up different depending on the row and column where you started the given by-county data) , then you can compute all the z-scores you heed by first entering the formula 

= (H2 - $H$41)/$H$42  in cell I2, then copying and pasting into the rest of the cells in column I parallel to the cells in column H containing the per capita waste values.   (Why do we need the dollar signs in this formula?)  Round all of the numbers to 2 decimal places here.

c)   Inspect the list of z-scores in your spreadsheet.  Do the first 2 entries match what you computed earlier? _Yes_____  .


d)   Your boss thinks your “carrots and sticks” strategy based on per capita z-scores has promise, but she is worried that there might be an imbalance between the number of counties receiving credits and the number getting fined.  Is she right?  Explain.

She is right because every county has z-scores approximately within the same range between each other besides a few counties who has larger z-scores. It would be unfair for these counties because their z-scores is way out of range from the other counties within the state.

9/9 on this part.  

4. Transformation to Normal

Your boss firmly believes that the number of fines and the number of credits should be approximately equal.  You know that this is impossible because the per capita waste values for the counties on your data sheet have a large positive skew.

You consult your text and find that positively skewed data can often be made more symmetrical by taking the logarithm of the data values.  You decide to revise your data using that strategy.

a)  Compute the logarithms (base 10) of the per capita mean RCRA waste values for the first 2 counties on your data sheet.  Show work below.

Albany: log(992.19) = 2.9966

Bronx : log(4.95) = 0.6948

Again you want to have Excel do the rest of the work.  Complete the computation of all the logs of the per capita mean RCRA values in the next unused column of your spreadsheet.   

b)  Inspect the list of ``logged’’ values.  Do the first 2 entries match what you computed earlier?  _Yes____  .

c)  For the logged per capita mean RCRA values, compute the following statistics. Round to 2 decimal places.


minimum = _____0.69__________     maximum = ___4.19________________     

mean ______2.23__________     
   standard deviation ____0.92___________     

d)  What are the units of measure for these statistics?

e)  Make a frequency histogram of the logged per capita values using 6 bins.   Generate using Excel, and cut and paste into this document.    Note: some of the logged values may be negative in this case!
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f)   How does the histogram of the transformed (logged) data compare to the two histograms that you have sketched previously?  Explain.

The logged data appears to be skewed just like the other two histograms however, the logged histogram appear to be closer to a normally distributed data set compared to the previous two histograms. The logged histogram almost takes up the bell shape of normally distributed data set.

g)  For the transformed (i.e. logged) values in L5, calculate the 7 numbers: xbar – 3 SD, xbar – 2 SD , xbar – SD, xbar , xbar + SD , xbar + 2 SD , and xbar + 3 SD.  Round to 2 decimal places.

Xbar – 3SD = 2.23 tons – 2.763165 = -0.533165 = -0.53 

Xbar – 2SD = 2.23 tons – 1.84211 = 0.38789 = 0.39 

Xbar – SD = 2.23 tons – 0.921055 = 1.308945 = 1.31 

Xbar = 2.23 tons

Xbar + SD = 3.15 

Xbar + 2SD = 4.07 

Xbar + 3SD = 4.99

h)  Use these 7 numbers and the Empirical Rule to help you determine if the transformed data are approximately normal. Show work.

Empirical Rule : At least 68% within 1 SD, 95% within 2 SD, 99.7% within 3 SD
 

XBar – SD, XBar + SD : 1.31, 3.15 : 21/30 values are within this range. 21/30 = 70%
Xbar – 2SD, xbar + 2SD: 0.39, 4.07 : 28/30 values are within this range. 28/30 = 93.3%

XBar – 3SD, xbar + 3SD: -.53, 4.99: 30/30 values are within this range. 30/30 = 100%


From the empirical rule, the transformed data set we have showed that the data is not normally distributed. Within 2 standard deviations, the data set was below the expected value of a normally distributed data set by about 1.7%. This difference shows us that the transformed data set is not normally distributed.

22/22 – It's not exactly normal, but no “real dataset” is ever exactly normally distributed.  These are pretty close, in fact, to the 68%, 95%, and 99.7% you expect if the data was exactly normal.  

5. Carrots and Sticks Revised

You have transformed the per capita county waste data into a distribution that is closer to normal, and certainly more symmetrical.  You would now like to return to the idea of computing z-scores for each county to determine how much each will be penalized or rewarded.

a)  Compute the z-scores for the logged per capita values for the first 2 counties.  Show work below.

Albany: x-Xbar/SD=Z-score


           3.0-2.2/.92=.84

             Z-score of Albany=.84

Bronx: 0.69-2.23/.92=-1.67

             Z-score of Bronx=-1.67






b)  Compute the z-scores for all the logged per capita values in your Excel spreadsheet and store the results in the next unused column. Use the calculator for assistance as you did before.  When finished, check that the first 2 entries match up with your earlier computations.  Do they?  ____Yes______  

c)  Inspect your list of logged per capita z-scores.  How many counties will be given fines, and how many will be given credits?

15 out of 30 counties will be fined.

15 out of 30 counties will be credited.

We developed the fine and credit system by fining the countries that have a positive z-score and give credit to countries that have a negative z-score.

d)  You’re feeling pretty good about this revised carrots and sticks system, as you will be rewarding about the same number of counties that you are penalizing.  You show it to your boss who thinks it’s great too.  She now gives you enough money to impose fines and give credits.  She suggests a $100,000 fine or credit per z-score (fines for positive z-scores, credits for negative z-scores).  Will your agency lose money, earn money, or break even?  Explain in detail.

We would break even, because we would fine 15 counties $100,000, and credit the other 15 counties $100,000 which would result in no gains or losses.

13/13 on this part.  

6.The Next Step

Earlier in this project you listed the counties in your state that produce an inordinate amount of RCRA waste.  Which county is the most extreme outlier?  __Monroe____  In which 2-year period did that county produce the most RCRA waste?___1995-1997_____

Using online information, determine the three or four largest cities or municipalities (by population) included in your most extreme outlier county.

Detailed information about RCRA waste production is provided at the Right-to-Know Network: http://www.rtknet.org . (This is a public-interest web site that displays information gathered by the EPA).   Go to this website, click on DataBases and then select Hazardous Waste (BRS). In the BRS database, you will search by City, State. In the BRS search window, enter the cities from your county you found above (one at a time), then press GO for each city.   

The main output for a city consists of summary information about waste produced and processed in that location.  You can also get more detail about individual sites in the city by pressing the Get list of facilities link.   Do that for each of your cities.

Scroll through the table and find a company that generated one of the greatest amounts of waste in 1997.  Find the type of waste that was produced in the greatest amount in 1997. (You can determine this information by changing the Level of detail setting, and this will require changing the year as well, since the default will be 2011.)

Summarize your findings:  What is the name of the company that was producing the greatest amount of waste in your outlier county?  How much waste did the company produce?  What type of waste did the company produce in the greatest amount?  What was the amount produced?

Rochester: Eastman Kodak Company- 42, 126,942


Waste Description: Inorganic solids from cleaning and degreasing (spill cleanup/equipment decommissioning)

 Saratoga:

Total:  89/92 – Good!


