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Problem and Resear ch Objectives:

The State of Wyoming spent more time during the 20" Century under severe drought
conditions (Palmer Drought Severity Index <-3) than any other state except Colorado
(McKeeet a. 1993; NOAA 1990). Infact, half of Wyoming's major river basins
experienced severe drought conditions for more than 15% of the time from 1895-1995
(WGA 1996; NDMC 2000), accounting for millions of dollars in damage to crops,
livestock, and wildlife along with diminished tourism and wildfires (WGA 1996).

A clear need exists for assessing potential drought impacts, developing contingency
plans, and identifying inception of meteorological droughts. However, the drought
record of the past 100-130 years is inadequate for implementation of these tasks. A more
complete and realistic appraisal of Wyoming drought requires assessment over a much
longer period, spanning severa centuries. Sole dependence on the past century's record
in assessing drought susceptibility and impact is analogous to a physician's relying only
on the past five years of a patient's medical history, which may not include earlier events
diagnostic of susceptibility to disease, allergy, or infection. In the case of drought,
symptoms of susceptibility to severe and prolonged events, possibly far worse than those
experienced during the past century, can only be observed by examining the records of
previous centuries. Those records are available in tree-ring archives for many regions of
Wyoming. Tree-rings are an excellent source of drought proxy data because of their long
duration (centuries to millennia) and high (at least annual) temporal resolution (Fritts
1976). Furthermore, tree-rings have been used with great success in documenting
droughts throughout North America (Cook et a. 1995) and to reconstruct the relationship
between droughts and circulation indices (Stahle et al. 1998). By developing a network of
tree-ring records from western Wyoming, we are providing a detailed reconstruction of
drought events spanning the last 500 to 1000 years that can be used to enhance our
understanding of extreme climate events in this state and the Rocky Mountain West as a
whole.

M ethodology:

This project centers on the development of a network of tree-ring sites selected to provide
500-1,000+ year reconstructions of regional droughts in western Wyoming, and the use
of those records to improve methods of drought prediction.

Sudy Area: This study focuses on western Wyoming, specifically the Clark’s
Fork, Shoshone, Bighorn, Wind, and Green River drainages. Tree-ring sites along the
edges of the Bighorn Basin and in the Flaming Gorge area of SW Wyoming and NE Utah
form the core of our network.

Field Techniques. Tree-rings are useful for drought reconstructions when water
availability becomes critically limiting and persists for long enough that the growth of
many trees over awide areais affected (Fritts 1976). At lower elevations, growth is most
often limited by precipitation. Therefore, we have selected a network of sites at lower tree
line for drought reconstructions. Our work shows that limber pine (Pinus flexilis),
Douglas-fir (Psuedotsuga menzesii), ponderosa pine (Pinus ponderosa) and, at Flaming
Gorge, pinyon pine (Pinus edulis) are the most appropriate species for drought
reconstructions in the study region. These species are found on dry sites throughout the
area and reach sufficient age to produce 500-1,000+ year climate reconstructions. To



date we have sampled over 400 trees, including dead snags and sub-fossil wood, at 7 sites
throughout the study area.

Dating and Measurement of Cores:. In the laboratory, we dry, mount, and
progressively sand all coresto at least 400 grit (Cook and Kairiukstis 1990, Grissino-
Meyer 1996), and assign exact dates to each ring using standard crossdating methods
(Stokes and Smiley 1968, Swetnam et al. 1985). We then measure al rings from the
dated series to the nearest 0.001 mm using a computer-based optical measuring device.

Reconstructing Droughts from Tree Growth: We use correlation analysis to
compare modern meteorological records with tree-ring widths produced during the same
time period (Fritts 1976). Monthly or seasonal climate variables with the highest
correlation coefficients are then chosen for reconstruction. Response functions, atype of
statistical equation describing the relationship between climate and growth, are then
developed (Fritts 1991). After using subsets of the data to verify the climate/growth
relationship, a new transfer function is developed which provides recorstructed climate
values by substituting ring widths in the equation.

I nvestigating the relationship between drought and large-scale circulation
patterns. We are using methods developed by Hirschboeck et a. (1996), Woodhouse
(1997), and Cayan et a. (1999) to determine the relationship between circulation indices
(Cl) and drought in western Wyoming. Briefly, we are comparing the occurrence of both
modern and paleo droughts with independent CI records using a combination of
regressionbased and event-based techniques. First, using the regression based approach,
we look for correlations between droughts recorded in the instrumental record and Cls for
the same time period. We then use event-based analysis, a technique that 1ooks for
coincidence between unusua climatic events, to determine if extreme Cl values
correspond with regiona droughts. Since the instrumental record has several important
limitations, we repeat these analyses using data from our tree-ring sites. Products will
include maps showing the relative influence of individual Cls on western Wyoming.

Principal Findings and Significance:

During the first year of this project, we completed sampling and analysis of the Bighorn
Basin portion of the study area and a significant portion of the southern study area. In
total, we have sampled trees at 13 sites. Seven sites are in the Bighorn Basin portion of
the study area, making this one of the densest climate reconstruction networks in the
Rocky Mountain region. To date, key findings from the project include:

1. Drought events in our long-term tree ring records are often longer and more
severe than any droughts observed in the instrumental record of the past 120
years. Therefore, modern droughts do not represent the scope of events we
should expect and plan for.

2. The gpatial extent of droughts varies widely between events. While some
droughts are seen throughout the study area (and even the entire Rocky Mountain
West), others occur at only one or two sites or in clusters around a geographic
location. In fact, the spatial distribution of droughts varies so widely that drought
indices or response plans based on predetermined geographic regions or zones
may be inadequate.



3. Statistical analyses of our long-term drought records show that dry events often
occur at more-or-less regular intervals. In particular, droughts often return at
both 30 and 50-year cycles throughout much of the study area. However, these
oscillations are not stable through the entire proxy record, and should not be over
emphasized in predictive models of drought.

4. Drought conditions in western Wyoming are often highly persistent. In the
Southwestern U.S., 2-3 years of drought are often followed by several years of
normal to wet conditions. In Wyoming, however, dry years are much more likely
to be followed by additional dry years, with drought cycles often extending over
10 or more years. The 20" Century has been somewhat unusual in that this
persistence has been dampened. A return to the high-persistence mode of the
previous severa centuries would lead to droughts of far greater duration than
those experienced in recent decades.

5. Droughtsin western Wyoming show a strong link to circulation patterns in the
northern and tropical Pacific. In addition, circulation anomalies in the Gulf of
Mexico and Northern Atlantic may lead to rare but severe and long-duration
events that affect the entire Rocky Mountain Region from Montana to the
Mexican Border. This knowledge will be invaluable for improving our ability to
predict the occurrence of future droughts.

We are concluding the sampling and analysis of all our sites in the early portion of
project- year two. Our focus will then shift to 1) Analyses of large-scale patterns of
drought, 2) Investigations related to the application of drought indices for prediction and
response and 3) A detailed exploration of the relationship between dry events and large-
scale circulation. Based on our results to date, we are confident that this project will
provide important contributions concerning the nature and prediction of droughtsin
Wyoming and the Rocky Mountain West.
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