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Comparing NDVI and ENSO signals in southeastern Arizona between 1989 and 2001
Introduction
Teleconnections are links between quasi-periodic oceanic-atmospheric patterns and weather patterns occurring in distant regions of the globe.   ENSO, El Niño Southern Oscillation, is a teleconnection pattern associated with the shifting of warm sea surface temperatures to the eastern side of the equatorial Pacific and the shifting of atmospheric convection from the western to central equatorial Pacific.  These periodic shifts have been found to coincide with anomalous plunges or surges in precipitation and temperatures in different regions around the world.  Such climate changes in turn impact other systems including fish populations and wildfire regimes.  To articulate the concept of connectivity within the complex global system, Edward Lorenz coined ‘the butterfly principle’, expressing the possibility that the flapping of a butterfly’s wings in Australia could cause, for example, floods in Arizona.

Teleconnections are strongly associated with winter climate variability in the Southwest.  Dry winters seem to be enhanced by La Niña, wet winters are strongly associated with El Niño and may lead to “split flow” in winter storm tracks across the western U.S., modifying cyclone trajectory across Arizona and New Mexico.  Research regarding the relationship between El Niño or other teleconnections and summer climate variability in the Southwest is as yet inconclusive1.

1 Sheppard, P. R., M. K. Hughes, et al. 2002. The climate of the US Southwest. Climate Research 21(3): 219-238.
Hypothesis and Method
To test the idea that vegetation response could be used as a gauge of ongoing climate pulses to reveal links to ENSO, I created the following animation made up of 338 AVHRR (Advanced Very High Resolution Radiometer) bi-weekly composite images between 1989 and 2001.   The study site shown is the southeastern corner of Arizona, with the San Pedro river running down the center (see Figure 1).

These images were processed using the Normalized Difference Vegetation Index, which takes the ratio of the difference to the sum of the red and near infrared bands.  The NDVI has been used in many, many studies as an indicator of vegetation health.  The values plotted in the following animation are the z-scores of the sum of the NDVI values over the spatial extent of each image (bi-weekly composite), over the temporal extent of the 13 year time frame (338 bi-weekly composites).   The second plot in the animation is the MEI, which is an index that uses multiple measures to evaluate the strength of the ENSO signal.  This data was gathered from the National Climate Diagnostics Center at http://www.cdc.noaa.gov/~kew/MEI/table.html.

More information about the MEI is available at http://www.cdc.noaa.gov/~kew/MEI/mei.html.

Both sets of data were scaled to the same range of unitless values to provide comparable measures of variability about their respective means.
Please note figure 1, which has been provided as a guide to understanding the elements of the animation.  The animation has been colored to help the user interpret NDVI values:  green represents vegetation greenness and blue represents stressed or no vegetation at all.    In the animation, you will see two plots roll out from the right side where current values that correspond to the currently displayed image are generated.  The plots extend to the left more and more as the animation proceeds through the time series.  When the animation completes the plots come to rest as they arrive at the furthest left side of the display.  From left to right you will see the values of both indices from January 1989 to December 2001.  My apologies for the absence of date markers on these plots.  Please see figure 2 that gives the approximate positions of years along these two axes.   
Results and Discussion

The resulting two plots do not match cleanly, although after some study there are discernible temporal patterns.  Years in the NDVI plots (please refer to figure 2 for help identifying years) are often characterized by low or negative NDVI for the first 3/4ths of the year and then a burst of positive values.  This pattern seems to very likely be reporting the annual dry spring early summer followed by heavy monsoon rains that characterize this region.  The dry months would be characterized by low or negative NDVI while just following the monsoon a burst of NDVI can be expected.  As the animation proceeds, one can see riparian areas and other regions possibly associated with agriculture that darken (get bluer) and brighten (get greener) across the seasons, annually, like clockwork.  

But most importantly for this discussion, pulses in the MEI seem to have the effect of complicating the dry spring early summer pattern with unexpected positive NDVI values.  Furthermore, note that large NDVI pulses along the top axis follow slightly to the right the large pulses in MEI that crop up along the lower axis as in, for example, the NDVI pulse following the mountainous cluster of positive MEI  values centered on the year 1998. 

There are multiple reasons for the raggedness and fragmentedness in the NDVI signal.  One reason is that the annual rhythms of higher frequency combine with and thus obscure the lower frequency ENSO rhythm.  Another factor is that this region is populated by a large variety of plant species that demonstrate multiple survival strategies in this environment where moisture is the key limiting factor.  Some plants may respond immediately to moisture such as grasses, while others may respond with longer lag times, such as Ponderosa Pine.  Another complication is the variation in elevations across the region, producing multiple micro climates.  Finally, but certainly not least, is the fact that the AVHRR data being used is very noisy.   One advantage of the animation format, however, is that one can drag the time pointer at the bottom of the animation window to any single point along the index axes to view the corresponding image.  Often values that leap up or down unexpectedly in the NDVI plot are associated with data that is so noisy it is visually evident.

In the next version of this study I would like to clean up the imagery, substituting seriously erroneous data with averaged values to maintain continuity in the animation, while calculations would only use original, less error-fraught data.    Secondly, I would like to calculate z-scores over the spatial extent of each single pixel instead of over each entire scene, and then classify z-score results for each image into a few dominant classes.  Each of these z-score classes would then be plotted against the MEI.   My expectation is that pixels with similar z-score behavior will be clustered by elevation and that some classes, that are more sensitive to winter precipitation variability will most clearly reflect the ENSO signal.   Lastly, I absolutely must improve the animation readability by including a time scale along the axis and other titles, which unfortunately could not be implemented in time for this project’s due date.
PAGE  
4

