CLIMATE CHANGE
By the end of the lab, you will be able to explain:
1. That natural climate change works on a wide range of time scales (years to many millions of years).

2. That climate change is caused by a number of different mechanisms.

3. What types of evidence scientists use to detect these climate changes and driving mechanisms.
4.   How modern climate change is influenced by human activities and how these  

changes fit into the context of natural climate cycles. 

El Niño/ La Niña (or ENSO) climate changes

Figure 1 shows changes in average annual sea surface temperatures (SSTs) measured since 1950 from the western tropical Pacific Ocean.  Use this figure to answer the following questions.
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                         FIGURE 1 (modified from NOAA website)
1) The peaks in the SST data are El Niño (warm) events while the lows in SSTs are La Niña (cool) events--these cyclic temperature changes are referred to as ENSO (El Niño-Southern Oscillation) events.  Divide the total amount of time by the number of events to get the average time interval between El Niño events. Show all your calculations.

2) Now count the actual number of years between each El Niño event.  What is the maximum and minimum range of time between these events? 

3) Which technique, average time interval between El Niño events or actual range of time between El Niño events, do you think it is better to use when describing the frequency of events if you were a government policy maker.  How about if you are the owner of a New Mexico ski resort?  Explain your answer.

[image: image2.jpg]=]

-4.6-

-4.8-

-5.0-

-5.24

T
1640

T
1650

Year

T
1660

1670

1
1680





      FIGURE 2 (modified from Cobb et al., 2003)
Figure 2 shows the oxygen isotope values ((18O) from corals on Palmyra atoll in the Line Islands of the central Pacific (located ~6° N).  The researchers were able to numerically date the corals and analyze samples from individual coral heads to generate this high-resolution proxy record of changing SSTs over the last 1000 years.  This data comes from the years 1635 to 1680.  Note that smaller (18O values represent warmer SSTs (and less glacial ice) and larger (18O values represent cooler SSTs (and more glacial ice). Correctly label the right hand vertical axis with warmer versus cooler seawater temperatures to aid in the following questions.

4) Calculate the average time interval between peak warm events across this 45-year record. Show all your calculations.

5) Determine the maximum and minimum time range between peak warm events this 

45-year record.  This is your range of time between actual events. 

6) Is the range of time between peak warm events determined from the Palmyra coral similar to the range of time between El Niño SST events calculated earlier?  

7) Given your answers in questions above, what likely controlled variations in the Palmyra coral oxygen-isotope record?  
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                           FIGURE 3  (modified from Lenz et al., 2010)

8) Figure 3 plots changes in sedimentary layer thickness from Eocene (~57-34 million years ago) lake deposits in central Europe.  Each individual lake layer represents one year of deposition and is called a “varve”.  Note how successive varve thickness change over this 300-year record.  Peaks in varve thickness represent time intervals when the Eocene climate was warmer/wetter in this region, therefore more sediment accumulated in the lake that year making the annual layer/varve thicker.  Calculate the average time interval between peak warm/wet events for any 50-year time interval within this record using the same method used in question 1.

9) Is this average time interval between peak warm/wet events similar to those calculated in questions 1 and 4?  

10) Discuss possible explanation(s) for the observed Eocene warm/wet peaks.  Include in your answer results from earlier questions. 

11) Given the data shown in the last three figures, how far back in time can you track this scale of climate change?
Milankovitch (or orbital) climate changes
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                       FIGURE 4 (from SPECMAP NOAA)
13) Figure 4 shows the oxygen isotope ratios ((18O) over the last 600 ky from foraminifera (single-celled zooplankton that build their shells of calcite). Note that lower (18O values (= less glacial ice/ warmer temperatures) are on the top of the graph and higher (18O values (= more glacial ice/ cooler temperatures) are on the bottom. Label the right side of the vertical axis with warmer SST/less ice versus cooler SST/more ice temperatures to aid in the following questions.   

14) Are we in a glacial or interglacial stage at the present time?

15) Looking at only the lowest or biggest glacial events, determine the range of time between these glacial events. 

16) What is the average time interval between all glacial events?
17) Given your answers above, explain what controlled the occurrence of the glacial-interglacial cycles shown in Figure 4.
Long-term climate changes (many 10’s of My)
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     FIGURE 5  (modified from Fischer, 1981; Frakes et al., 1992)
Figure 5 shows long-term changes in glacial ice volume/distribution, changes in mid-ocean ridge (MOR) basalt volume, and global sea levels from the late Proterozoic to the present.  Increased MOR basalt volumes indicates increased submarine volcanism and higher MOR spreading rates and vice versa.  The vertical bars with diagonal lines illustrate the time periods when continental glaciers existed; the length of the bar indicates the approximate paleolatitudal extent of the glacial ice.  For example, at the end of the Ordovician, continental glaciers existed at the paleopoles (90°) and all the way to paleolatitudes of ~50°.  For comparison, modern continental glaciers in Greenland reach latitudes of ~60°.  The thick line shows the general position of global sea level through this time period.

18) From the paleolatitudinal distribution of the continental glaciers, illustrate on the figure the beginning and ending of all cooler climate time periods (label as “icehouse climates” and all the warmer time periods (label as “greenhouse climates”).  

19) Which climate state are we in today?  What climate state occurred in the Cambrian?

20) What general climate states occur during time intervals of low MOR volumes?  

21) What general climates occur during time intervals of high MOR volumes?

22) Briefly describe the relationships between MOR volume, climate, and global sea levels.  A drawing or flow diagram might best illustrate the relationships.

23) Explain why global sea-level changes coincide with MOR volume changes.

24) Given your answers above, what is the single, main process driving these long-term greenhouse to icehouse climate changes.  
Climate change over the last several centuries

[image: image6.png]Temperature
relative to 1856-1995 F)

06

02

02

06

Temperature and CO2 for Last 1,000 Years
1

— Temperature

— 02 (ppm]

1000 1250 1500 1750 2000

Year

400

a5

350

325

300

275

250

€02 level [ppm)







FIGURE 6  (compiled from EDF, NOAA, & Jones & Mann, 2004)

Figure 6 shows temperature (red spikey curve) and atmospheric CO2 concentrations (blue smooth curve) over the last 1000 years.  CO2 concentrations are in ppm (parts per million) and were measured from air bubbles trapped in Antarctic ice cores and from actual air measurements in Hawaii. The CO2 data stops in 2005; today the measured CO2 is >390 ppm.  “Temperature” is not actual measured air temperatures but are the differences between the average air temperature of years 1856-1995 and temperatures calculated from the tree ring, coral, or ice core records.  For example, a plotted value of 

-0.5° means that the temperature was cooler than the average 1856-1995 temperatures by 0.5°F. 

25) In the last 300 years, when did temperatures begin to rise the fastest?  

26) In the last 300 years, when did CO2 concentrations begin to rise the fastest?

27) Describe the relationship between CO2 concentrations and temperature differences over the last ~300 years.

28) What important human technological events/inventions were happening at the times determined in questions above?  

29) Given the timing relationships described above, what is likely controlling the increased CO2 concentrations in the last ~300 years?  

30) Given the timing relationships described above, what is the main control on the increased temperatures in the last ~300 years? 

31) If someone argued that the temperature increases measured in the last 300 years are due to ENSO climate forcing, how would you respond given the data you were introduced to in this lab?

31) If someone argued that the temperature increases measured in the last 300 years are due to Milankovitch /orbital climate forcing, how would you respond given the data you were introduced to in this lab? 
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