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ABSTRACT: Temperature and lapse rate show extreme from mean values for 
through October 1986 at the high-elevation station D on Niwot Ridge in the Front 
Colorado. If the D l record is accurate, this may present an opportunity to identifY factors 
that influence temperature at high elevations, but not necessarily at low elevations. This 
focuses on four questions: (l) Is the Dl temperature record accurate? (2) vVhat is the 
extent of this anomalous cold period? Are there any identifiable contributing factors or 
events relating to this period? (4) Is there evidence of a similar anomalous in 
Review of temperature data from other sites supports the accuracy of the D 1 record and 
that this cold period occurred at elevations above 3,000 meters at latitudes north 
Colorado. or roughly 40°N latitude. Additional data suggest that at these 
high -elevation locations may be related to conditions in the lower stratosphere as well as extreme 
temperature anomalies in the eastern Pacific Ocean. A possible physical explanation for this cold 
event is the sequential occurrence of the explosive volcanic eruptions of Alaid in 1981, then El 
Chichon in 1982, followed the strong El Nino event of 1982-83. Tree-ring width 
from a high-elevation northern Colorado site suggest that the of such cold 
rare in the 20th century but was relatively common in the 19th ~-'"'"LCU 

Introduction 

The D l climatological statton is an alpine at 37 49 meters on '""'"7r'r 

In: CJvt Isaacs 

Ridge, in the Front Range, Colorado, about 2 
Continental Divide and 27 kilometers of Boulder and Longnwnt, 
Colorado (Figure l). Annual at Dl is a mean 

-3.92°C, standard deviation and no long-term 

lVIean 
deviations less 45-year mean. The lapse 

temperature difference between l and ~~·~~~-,~~··~ 
elevation, increased more 

of records several climate 
few kilometers east of l, including Longmont 
no similar decrease in temperature. Lapse rate changes are 
important because they reflect changes in atmospheric 
cloud cover, and atmospheric stability; are factors in 
esses involving precipitation and 

Evaluation temperature 
suggests 

in the northern 

April 1.5-18, 1996. Interagency Ecological Program, Technical Report 53. California Department of Vvater Fl.esources. 

33 



---------------------~A'-n'-U'-n...:.c'-'o;..;.m;_m:..;_;,.;:_o__;n_F-'e_n-'·o-'-d'-o""if-"Cold and Change of Lapse Rate 

Data 

Old Foithtul 

inversely related to lower stratospheric temperature anomalies (LST) and 
atmospheric turbidity (TB) and directly related to the Southern Oscilla
tion Index (SOI). Further, this relationship enhanced when it occurs 
during the positive phase of the quasi-biennial oscillation (QBO). 

Surface temperatures: The Dl and Cl data are from the University of 
Colorado, Mountain Research Station, Mountain Climate Program. Peri
ods of record are 1951-1995 for Dl and 1953-1995 for Cl. Other 
Colorado temperature data were provided by the Colorado Climate Cen
ter, Colorado State University, Department of Atmospheric Sciences. 
Wyoming temperature data were provided by the University of Wyoming, 
Wyoming Water Resources Center. The periods of record for the other 
Colorado and Wyoming data are vartable and generally shorter than the 
D 1 record length. 
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Figure 1. Map showing the areal extent of the cold period. 
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Figure 2 Temperature and lapse rate records. 

Top: 01 Mean Annual Temperature (3749 meters). 
Bottom: Lapse rate, 01 minus Longmont, in 'C/Km. 







in the Rocky Mountains of Colorado and Wyoming 
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F1gure 3. A selection of three mean annual temperature records that show 
the cold period. 

The Di record is plaited against the left side abscissa; 
Telephone Lakes and Mill Pond are plotted against the right side abscissa. 
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Figure 4 Goephysicallndices. From top to bottom: Atmospheric turbid1ty 
index at Tucson, Arizona; SOl; lower stratospheric temperature 
anomalies (0 C); Singapore 50-mb wind (meters/second) 
representing the QBO 
Turbidity and SOl are standardized values. 
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" A measurable relationship may exist between these high-eleva
tion temperatures and conditions in the lower stratosphere and 
temperature extremes in the eastern Pacific Ocean, as indicated 
by the SOL Additionally, the positive phase of the QBO appears 
to be related to these relationships. 

" Evidence from a tree-ring chronology suggests that such cold 
periods have been rare in the 20th century but relatively 
frequent in the 19L.l-t century. 

Implications of this study include the suggestion that climatic conditions 
at high elevations can differ from those at lower elevations; therefore, 
caution should be exercised when adjusting for the paucity of high-ele
vation data by extrapolating from low-elevation data. Also, physical 
events such as volcanic eruptions and shifting positions of the Pacific 
Ocean equatorial warm pool may contribute to climate changes in this 
study region by destabilizing the upper atmosphere, a result of colder 
temperatures aloft. 

Future work includes better defining the geographical extent of this cold 
period by analyzing more surface site records and comparing surface 
conditions to radiosonde data at 700 millibars. Also, analysis of synop
tic-scale patterns using daily surface and 500-mb maps and pressure 
anomaly maps may be informative. 
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