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Geology and Human Health

Fall 2005

The Changing Geographic Distribution of Malaria with Global Climate Warming

The purpose of this exercise is to see whether the southern United States may develop the climatic conditions in which the malaria parasite and its mosquito hosts thrive as a result of global and local climate changes.  We will also see if and how malaria distribution in the United States related to climatic conditions in the mid-twentieth century. We’ve tried to identify stations with long records which are at different latitudes (a major control of temperature) and which have different yearly precipitation patterns.

Goals and questions for Geology and Human Health:

Should we worry about a re-emergence of malaria in the United States because of climate changes?  

If so, can trends in climate data with time be used to predict where malaria might first appear?
Do all climate parameters show the same trends?  Where are the ambiguities and uncertainties?

Do climate trends based on instrumental records match predictions of malaria based on analysis of global climate models?

Geoscience Skills used in this exercise:

Working with instrumental records of climate

Comparing analysis of instrumental records to results of GCM models

Analyzing possible human health impacts of global climate change

Determining and comparing climate trends

Analyzing the interaction of climate and socio-economic conditions
Quantitative skills used in this exercise:

Making and interpreting graphs and maps
Descriptive statistics

Use of moving averages

Time series analysis

Trend analysis

Assumptions, uncertainty and error analysis

Thinking about risk probabilistically

About malaria:

Background information below adapted from The Centers For Disease Control and Prevention’s website “Malaria”  http://www.cdc.gov/malaria/index.htm
For thousands of years malaria has been infecting human populations.  The late 19th century discovery of the malaria parasite and its transmission by mosquitoes improved medical understanding and eradication techniques, providing powerful tools to fight against the spread of this disease for those who could afford it.  Indeed, in 1949 malaria was successfully eradicated from the United States after decades of various malaria control programs.  However, between 1957 and 2003 there were 63 separate U.S. outbreaks of locally transmitted malaria, the result of people returning from malaria-endemic countries and infecting local US mosquito populations (“imported malaria”).  According to the Centers for Disease Control and Prevention (CDC), in 2002 1,337 cases of malaria were diagnosed in the United States, including 8 deaths and at least 5 cases that were not contracted in malaria-endemic countries.   More critically, 41% of the world’s population resides in malaria-endemic regions.  The CDC estimates that up to 2.7 million people die of malaria each year; over 75% of these deaths are African children.  In 2002 the disease was responsible for 11% of the child mortality in developing nations. 

All the species of the malaria parasite Plasmodium are spread by sequentially infecting two different hosts, various species of the mosquito Anopheles (the invertebrate host and “vector”), and humans (the vertebrate host).  In humans, the parasite first multiplies in cells of the liver, then in red blood cells.  When the parasite is multiplying in the bloodstream, symptoms of the disease appear and the parasite can be transmitted to mosquitoes.  Once inside a mosquito the parasite undergoes a different round of growth and multiplication, eventually residing in the salivary glands of the mosquito, ready to be transmitted back to the human body.  There is no evidence to suggest the parasites kill or otherwise damage their mosquito hosts.

The maintenance of the three components of the malaria lifecycle, the malaria parasite Plasmodium, the mosquito host Anopheles, and the human host, depends on climatological factors, specifically warm temperatures and adequate rainfall.  Anopheles mosquitoes already live in the United States, so the limiting climate conditions are those which control the viability of the Plasmodium parasite. Anopheles mosquitoes lay their eggs and mature into adulthood in pools of water, a process that in the tropics requires 9-12 days.  To transmit malaria, a mosquito must acquire Plasmodium and then survive long enough to see the parasite through its complete growth cycle.  At an ambient temperature of 25°C (77°F) this takes 9-21 days; higher temperatures promote a faster growth rate and increase the likelihood of transmission.  The minimum ambient temperatures needed for parasite growth represent major barriers to malaria transmission beyond the tropics, and different species of Plasmodium have unique tolerances.  Plasmodium vivax cannot complete its cycle in a mosquito below 15˚C (59˚F), while Plasmodium falciparum, the species with the most severe symptoms, has a tolerance down to 20˚C (68˚F).  These limitations clearly play some role in the global distribution of malaria-endemic regions.  

Various authors have suggested that global climate warming will expand the geographic distribution of this tropical disease as global minimum temperatures generally rise.  Developing a model that accurately predicts the current global distribution of malaria has proved difficult, and thus the accuracy of using similar models to predict future vulnerability is hotly debated.  Using global climate models, researchers such as Rogers and Randolph (2000) have extrapolated into the future using multiple variables, trying to reduce error and accurately identify where future habitats are going to promote the transmission of malaria.

Socio-economic conditions and status of public health programs, among other non-climatological factors, will surely influence the distribution of malaria in a warmer world, just as they do now.  Nevertheless, the climatic factors are important ones to consider. 

General instructions:

After you’ve read the background in the box above and in the articles referenced below, think about the temperature tolerances for the Anopheles mosquito and the Plasmodium parasite to devise ways to use climate records to determine if risk for malaria in the southern United States is increasing.  In this exercise, we have access to average monthly minimum temperatures and total rainfall data for several long-record monitoring stations in the southern United States.  What kind of clues might you get from changing monthly and annual minimum temperatures?  From comparing minimum temperatures with rainfall data to see if precipitation (particularly rainfall) coincides with the months of warmest temperatures? 
The rainfall story is more complicated.  As you probably know, mosquitoes love stagnant water conditions.  So in general, moister conditions will foster mosquito survival and, if the temperature is high enough, survival of the Anopheles mosquito and the Plasmodium parasite and drought conditions will discourage the organisms.  However, in a wet climate with running water, drought may actually create stagnant pools in stream beds and promote mosquito growth (Epstein, 2000). (In 1998, Melton suggested that damming of Minnesota streams in the nineteenth century for grain and saw mills helped create positive conditions for malaria). How might we look for these sorts of changes in the rainfall records?
As you can see, these lines of reasoning are highly probabilistic.  Given that Anopheles already lives in the United States and that there are several cases each year of malaria not related to travel, the real question is whether an single case or small cluster of malaria cases might spread in a changed climate.  Because our temperature data are average monthly minima, our analyses of temperature fluctuations will, at best, help us determine if climate in the United States is tending toward more favorable conditions for malaria.  If the average monthly minima increase, we might assume that the probability of parasite survival also increases.
Data stations:

Temperature and precipitation records from several stations are available on the links to this website. These data come from the United States Historical Climatology Network (http://www.ncdc.noaa.gov/oa/climate/research/ushcn/ushcn.html#INTRO) which is maintained at the National Climatic Data Center (NCDC) and the Carbon Dioxide Information and Analysis Center (CDIAC).  Each data set has had some corrections applied, to account for different times of day of observation, moving stations from one site to another, and for the urban heat island effect (not all stations have all corrections applied).  
Each pair of students will analyze general climate and graph the trends in minimum temperature and total precipitation figures from a single station.  Data from each site is in its own folder in EXCEL format (.xls) and also text format (.txt). (The .txt files are there in case the .xls files don’t open for some reason). These files are designated as Read Only.  Each folder also contains a “readme,” specific to the site, that gives more information about the data corrections, units, etc. Use the temperature reported in degrees C and the precipitation in mm. (These are below the English unit data on the spreadsheets). Be sure to locate your station on the U.S. map. 
Open EXCEL, make a copy of the original files and save these working files under different names. Note that each line of the temperature data contains a station identifier and a year, and a series of thirteen numbers, which represent the average (minimum, maximum or average) temperature each month (beginning in January) and an average for each year in the 13th column. The precipitation data are set up the same way, except that each of the first twelve numbers represents the total precipitation for that month and the 13th number is the total yearly precipitation.

Station names and groups
Mexia, Texas 
Alpine, Texas

Fairhope, Alabama

Glenville, Georgia

Grand Canyon, Arizona

Notes on using EXCEL - I strongly recommend this EXCEL cheat sheet (written by Sean Fox, Doug Foxgrover’s predecessor as Carleton’s Academic Computing Coordinator for the natural sciences and math): http://www.carleton.edu/campus/ITS/staff/sfox/excel_cheat_sheet.pdf  It is a good document to print out and have available as you are working.  I also strongly encourage you to be cautious about accepting help on EXCEL from students not in this class who you may encounter in the CMC – use the lab assistants. Also, be aware that different computers have different versions of EXCEL – and that the older version cannot read files created in the newer versions. It’s important to check the version when you enter the program for the first time.  Using the text files may also help.

Analyzing the Data
Look at the data and see how complete it is.  Some years may be missing and some months may be missing.  The lab assistants, who entered these data, have left blank cells in the months with no data.  When you take a yearly average, the blank cells won’t be counted.  What difference will this feature make in your results?

1. Characterizing the climate at your station – descriptive statistics and graphs
Start the analysis by finding the basic climatological data for your site.  http://www.srh.noaa.gov/  gives you a U.S. map with major cities located. Click on the nearest big city to your station, then on the first link under “climate” in the left menu, which will take you to a regional site (e.g.  http://www.srh.noaa.gov/fwd/ntexclima.html for North Texas (Mexia station) which has a map at the bottom of the weather stations in the region). Clicking on the appropriate station yields a table of summary statistics for the period of record.  Copy the top three lines of the table (average minimum monthly temperature, average maximum monthly temperature and average monthly precipitation) into a new sheet on your working copy of your EXCEL spreadsheet and note the period over which the climate data is averaged.  For Mexia (http://www.srh.weather.gov/fwd/CLIMO/coop/mexia.html) this is a thirty year average of 1971-2000.  Your next goal is to create a line graph that shows average minimum and maximum temperature and monthly rainfall over the course of twelve months.
· Note that when you copy the climate information into EXCEL, it all ends up in cell A1.  To “parse” the information into individual cells, highlight A1 and use the “text to columns” command in the “Data” menu. 
· Click “Next” at Step One.  
· At the screen for Step Two, check to see that EXCEL has put the column dividers just to the right of the numbers.  Note that you can (and should) scroll up and down the table to make sure everything is in the right place.  Make sure that there’s only one column devoted to a label (e.g. Precipitation, inches). 
· In this case, all three lines of data end up on the same line, so you will need to use Cut and Paste commands if you want three rows.  
· Insert two rows at the top of the sheet, one of which has the title “Summary Climate Data for Mexia TX, 1971-2000” and the second of which has the months (and annual for the last reading).  
· Then convert the temperature data from degrees F. to degrees C. using the formula ROUND(((cellnumber)-32)*(5/9),2) which also rounds the data to two decimal points. 
· Similarly, convert the precipitation data from inches to millimeters, using the formula ROUND((cellnumber)*(25.4),2)
· Make a graph of minimum and maximum temperatures through the year by highlighting the rows that have these data in degrees C. and using the Chart Wizard (Don’t highlight the final cells with the yearly average minima and maxima).  (See section on “Graphing Data” below. Use a scatter plot. As you work through the steps in the Chart Wizard, be sure to label the two series (Average Maximum and Average Minimum temperatures, respectively) and the axes and title. 
· Make a similar graph for monthly average rainfall by adding these data to your temperature graph. A (relatively) easy way to do this is to highlight the row with the precipitation data, including the label in column A, but not including the “annual” value in the final column. Copy these data, click on your chart (graph) and hit “Paste Special” in the Edit menu.  Be sure the box “Series Name in First Column” is checked.  Once the values have been added to the graph, click on any of the points to bring up the “Format Data Series” dialog box and click on the “Secondary Axis” box. 
Graphing Data in EXCEL
Probably the easiest way to graph your data is to highlight the columns you want to graph and then enter the Chart Wizard.  You can also type in the column and row range you desire once you have entered the Chart Wizard.  For column F, rows 2-33, you would type F2: F33.  Use commas to delimit different columns. If you want to graph temperature against years of record, so make sure that the first column in your selected data is the years. When you have selected all the columns you wish to graph on a particular chart, click on NEXT.  The Wizard takes you through the process of making the graph. 


Graph Type

Then select the type of plot to graph.  It’s important to select a Scatter Plot. Then you get to the Sample Chart window which shows you a sample graph.  This usually looks a little funky, so you need to change some things around.  You want to graph temperature against years of record, so make sure that the first column in your selected data is the years. The most important thing is to click on the button which says Use first column for:  Category (X) Axis Labels.  The graph should now look fairly reasonable.  Give the graph a title and then you’ll see a small box on the screen.  The box will be the size you initially dragged after clicking on the Chart icon.  Enlarge this to see a full size graph of your data.  Now you can adjust line widths and styles - double click on a line and select the type you want.  You can also get rid of the ugly gray background by double clicking on it and changing the color to white.

First assignment:  
Characterize the general climate of your site in a table and the graph you’ve just made.  
Your table should have these headings:

· Name of Station and UTM zone:

· Latitude (decimal degrees and UTM northing coordinate)

· Longitude (decimal degrees and UYM easting coordinate)

· Average Annual Temperature, years of record (e.g. 1971-2000)

· Average Total Precipitation, years of record (e.g. 1971-2000)

· Warmest month(s) and their maximum and minimum temperatures (and the years they occurred)
· Coldest month(s) and their maximum and minimum temperatures (and the years they occurred)
· Wettest months and their average total precipitation and maximum precipitation (and the year it occurred); note especially if rainfall occurs in two seasons.
· Driest months and their average total precipitation  (and the year it occurred)
Use the information and checklists in chapters 6 and 7 of Miller to help with labeling and formatting the graph and tables.

To evaluate the statistics, it’s useful to know whether the meteorological data at a station are normally distributed or not. Two tools in EXCEL that help in this respect are histogram and summary statistics. 
Second assignment:  
Describe the histogram and summary statistics of the minimum temperature data for the coldest and warmest month.
· Write down the data range of the coldest month.  Go to Tools, Data Analysis, Descriptive Statistics and type in this value (e.g. c107:c206). Check the “Summary Statistics” box.  By default, the statistics will be pasted into a new workbook sheet. Note the numbers in the minimum and maximum rows.  Do the same thing for the warmest month.

· For each of the two months, create a column on your data table that lists degree values (in °C) by half-degree values that span the entire range.  For instance, if the warmest month is July and the average minimum temperatures range from 17.2 to 24. 3 degrees, your column would have the values 17, 17.5, 18, 18.5, . . . . . 23.5, 24, 24.5.  

· Write down the cell range for the temperature data you are working with and the cell range for the column you’ve just created.

· Go to Tools, Data Analysis and Histogram, and in the dialog box, enter the cell range for the data in the “input range” box and the cell range for the new column of temperatures in the “bin range” box.  Accept the default of a new workbook ply and check the box that says “chart output” (or make your own chart from the two columns of data that will come up). Now compare the chart and the table of descriptive statistics.

In a data set that is “normally distributed,” the mean (average of all the values), the median (the value halfway down the list of numbers sorted from small to large) and the mode (the value with the most occurrences in the data) will all coincide.  Moreover, there will be only one mode, and the numbers will be distributed symmetrically in the histogram (the skewness will be zero).  The standard deviation is also an important statistic to examine.  The mean, plus or minus the standard deviation, is the range into which 66% of the data fall.  If this range is large, relative to the total range of the data, it means that the data are quite widely distributed. Recall that the data you are working with are already averaged (e.g. the value of average minimum temperature for January 1912, say, is the average of 31 daily minimum temperatures for that month).  This “pre-averaging” should tend to dampen extremes of hot and cold.  A data set may not be normally distributed if variations within it are due to something other than chance. For instance, measurements may have become more precise with time.  Or climate may have changed in a non-random way.  Are the data for coldest and warmest months at your station normally distributed?  How can you tell?  As you move along through these instructions, keep in mind that some kinds of statistical analyses assume a normal distribution of the data. 
2. Working with minimum temperature and total precipitation data

At this point in the activity, you’ve probably acquired some facility with EXCEL and with the data set of minimum temperatures and precipitation for your station.  At this point, you may want to try making a number of different types of graphs, including plots of yearly average temperatures and total precipitation (plotted against calendar year), plots of particular month’s temperatures or precipitation (January and July may be particularly interesting), plots of seasonal temperature and precipitation (typical “seasons” are DJF, MAM, JJA, SON) or other combinations.  You may also want to produce other graphs of average monthly temperatures and total precipitation to see how the temperature and precipitation vary through a year, such as the one you’ve already done; these are commonly used to show seasonal climate changes. You may also want to figure out a way to assess precipitation and temperature variability.  

A moving average helps to show long-term trends that might be missed in the yearly data.  If your record extends from 1900 until 1987, the first terms in a 5-year moving average of temperature for 1902 are (T1900 + T1901 + T1902 + T1903 + T1904)/5 and (for 1903) (T1901 + T1902 + T1903 + T1904 + T1905)/5, where T is the average temperature for each year. Your group also might want to experiment with different numbers of years in the moving average.  If you use odd numbers (e.g. 5, 9, 15, etc.) for the moving average, then you can plot the result in the center of the range.
To calculate moving average temperature, find the Moving Average tool under Tools→Data Analysis→ Moving Average. (If Data Analysis doesn’t show under Tools, ask a lab assistant how to find the command that engages that program). Type in the input range (ex. F3:F33) or select it using the mouse.  Do the same with the output range (it’s best to put it in an empty column.)  Set the interval to the number of years you want it to examine in each block (5 years for your first run).  Also, make sure only numeric data are selected - don’t select the title of your column or any other information about it.  Check the number to make certain that it is reasonable.   Then copy that formula down the column for the rest of the years of your data.  To Round your temperature results, again select the next-to-top cell in an empty column, select Round in the Function Wizard and type in the cell number and 1 or 2 for the rounding. Again, copy this formula down the column.  (In a way, it is too bad that each group is doing only one set of data, because this whole process certainly gets simpler after the first go-round!)

You may also want to calculate the moving average as deviation from a temperature or precipitation norm.  One standard period to use is 1951-1980 (or 1961-1990 or 1971-2000; from your data, what are the implications of choosing one of these thirty-year spans over another as the standard against which deviations are recorded?).  To use this method, first calculate the average mean temperature for the period 1951-1980 for your station. Then, subtract this average from each of the yearly average temperatures, creating a new column in EXCEL called “temperature anomalies.”  These anomalies can be plotted as is, or used to construct a second set of moving average data.

Third Assignment:

At the very least, your group should generate these graphs:  two that show average minimum temperature for the two warmest months of the year plotted against calendar years, two that show a moving average (5 years) of the monthly average minimum  temperatures, plotted against calendar years and four comparable graphs for precipitation in these two warm months.
Interpreting the Results
Once you have generated your graphs, consider what the results mean.  
· What, if any, long-term temperature changes did you note in the minimum temperature data for the warmest months?  
· Are there decade-long periods of cooler temperatures?  Warmer temperatures? 
· Can you separate out particular periods of temperature increase or decline?

· What is the magnitude of these changes?  
· How does precipitation vary with temperature?  Do the highest temperature months coincide with periods of precipitation?  

· Is precipitation steady through the year or highly seasonal?  
· Is temperature and precipitation in the same month (say July) relatively steady through the period of record or is it highly variable?  
· Do your values and those of your classmates match the predictions of Rogers and Randolph?  
· Are the temperature values trending toward the thresholds for Plasmodium sp.? 

· Can you spot any problems with the data, or with the analysis techniques?
Fourth Assignment:  

Prepare a PowerPoint Presentation with your data and analyses
Each group will present a short PowerPoint report (about 8-10 slides), showing the location of their station on a US map, explaining their graphs of the temperature and precipitation data, and describing any climate trends they have noticed.  You should include graphs and summary conclusions. You should save your PowerPoint presentation to the course folder, because everyone in the class is going to want to study your results.  A sample PowerPoint presentation is included in the course folder so you can see the appropriate level of analysis.  Please do not use distracting special effects in your presentation. Please save your PowerPoint presentation with a .ppt extension so it can be opened on any computer.

Using PowerPoint

Whether you are using a Mac or a PC, you should be able to copy your graphs directly from EXCEL and paste them into PowerPoint.  You'll want to add your own annotations.  There are some differences between PowerPoint on Macs and PCs that you should be aware of.  This long url takes you to a site that describes how to you’re your presentation work on both operating systems:  http://www.microsoft.com/mac/otherproducts/officex/using.aspx?pid=usingofficex&type=tips&article=/mac/LIBRARY/tips_tricks/officex/pp_crossplatformtip.xml 
Fifth Assignment: 
Peer review of PowerPoint and public presentation

We will develop a scoring sheet for the PowerPoint presentations during a class period.  Each pair of students will review and raise questions about another group’s presentation, using the scoring sheet. These reviews will be submitted for grading.

After your presentation has been reviewed, make whatever changes are necessary and file your presentation in the course folder.  All groups will give oral reports using the PowerPoint presentations during class time. 

Sixth Assignment:

GIS analysis and writing 
A lab assistant will locate all of the stations on a U.S. Map, using the coordinate information you provide.  You will probably want to include a copy of this map in your final report and you may want to do some map analysis, based on the data from the presentations.

Your final report on this project should be 4-6 pages of text plus figures.  Consider the questions posed at various places in the activity handout and also these questions, from the initial goals:

· After listening to all the groups report their results, what, if any, overall trends (temporal and spatial) did you spot?  

· Should we worry about a re-emergence of malaria in the United States because of climate changes?  

· If so, can trends in climate data with time be used to predict where malaria might first appear?

· Do all climate parameters show the same trends?  Where are the ambiguities and uncertainties?

· Do climate trends based on instrumental records match predictions of malaria based on analysis of global climate models?

· What further tests of these explanations might be important?  
In addition, you may want to consider some of the ethical and relative risk questions that arising from studying malaria and climate.  Here are a few of them (you can probably think of more):

· Should DDT (or similar long-lived pesticides) be used (in the U. S. or abroad) to combat current and future malaria infections?  What are the relative risks to ecosystems and humans of DDT and similar pesticides compared to malaria in various parts of the world? Are there alternatives to DDT?
· What happens when best practices of malaria prevention, such as draining ponds and other bodies of stagnant water, contradict best environmental land use practices for other ends, such as maximizing ponding for ground water recharge? 
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