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Mid-latitude mountain systems are critically sensitive to recent and projected climate change under an
elevated greenhouse gas world. It is often taken that climatic change at high elevation sites will reflect
those at lower sites - regional warming is assumed to be consistently played out in mountains, or even
amplified by the snow-albedo feedback. The anticipated outcome is that the alpine will eventually be
“pushed off the top of mountains.” There are several reasons why this might not be the case, or at least
considerably delayed - one is whether high elevation climates reasonably reflect regional lowland
trends or if they are decoupled from them as a result of mountain climatic processes. Both situations
(signal coherence or decoupling) appear in the record for various mountain regions around the world
(Beniston & Rebentz 1996, Diaz & Bradley 1997, Kittel et al. 2000).

Fig. 1. Location map for the Niwot Ridge LTER and the alpine climate station D1 at an elevation of
3,749m and the subalpine forest site C1 at an elevation of 3,048m.

Objective. Is the climate of alpine areas decoupled from forested areas?

Methods. We used NWT climate station records from subalpine (C1,3048m) and high alpine (D1,
3749m) sites (Figure 1).These records have full years for a 54-year period from 1953-2006. A daily
spatial correlation process was used to fill data gaps based on observations from the other NWT sta-
tions and neighboring montane stations (Ackerman 2006; this dataset is available in the NWT LTER data-
base: http://culter.colorado.edu/).
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Fig 2. Long-term trends in monthly total precipitation (mm mo-1 yr-1) for Niwot Ridge subalpine
forest (C1) and high alpine tundra (D1) stations for the period 1953-2006. X-axis month numbers 1-12
are January to December. Corresponding statistical significance levels are given above bars (***
p<0.001, ** p<0.01,* p<0.05); bars without symbols are not significant (p>0.05). Long-term
trends were calculated using linear regression, their significance tested using Kendall’s rank cor-
relation. Note that climatic trends differed markedly between the two stations and by season (see
text).
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Fig.3A. As in Fig 2, but for monthly mean maximum temperature (Tmax; °C/yr). Annual mean
maximum temperature trends are given in the box if significant.

Fig.3B. Change in the Tmax seasonal cycle from the first decade (dashed line) to last (solid
line) of the record for (top) C1 and (bottom) D1. Bars are +1 standard error of the monthly
mean.
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Fig.5. As in Fig 2, but for (A) trends in growing season length (GSL; using 0° & -3°C thresholds;
days/yr) and (B) trends in accumulated growing degree days (GDD; °C-day/yr). In (A), time
markers refer to different cold temperature occurrence criteria in spring and fall: last/first frost
at night (based on Tmin), last/first day with freezing daytime temperatures (based on Tmax),
and last/first run of 3 days of nighttime frost (based on Tmin). ‘Frost' and ‘freezing’ were based
on 2 thresholds: T < 0 & <-3°C, to represent ‘light’and ‘hard’ freezing and to evaluate
sensitivity of the analysis to this threshold. Example GSL and GDD timeseries with significant
trends selected from (A) and (B) are given in the lower graphs.

Key findings.

+  Precipitation (ppt) increased at the alpine site from October through April (trend in annual ppt=+100mm/decade), but
not during any season in the subalpine (Figure 2).

+  Tmax subalpine:increased through much of the year (trend in annual Tmax=+0.4°C/decade) (Figure 3A).

+  Tmax alpine: decreased in early winter (-0.4 to -0.6°C/decade) (Figure 3A).

+ These patterns resulted in altered seasonal cycles for the two sites, but in different ways: a positive offset in the
subalpine (C1) and amplification in the alpine (D1) (Figure 3B).

+ Tmin at both D1 and C1 show that summer onset is later and termination earlier because of decreases during spring
and fall (Figure 4).

+  Growing season at both sites has shortened (Figure 5A) - this reflects long-term tendencies in Tmin and decreasing
frost-free days.

» An apparent contradiction is that growing degree-days (GDD) have gone up at the subalpine site (Figure 5B).

« These contrasting results at C1 are due to decreasing spring and fall Tmin’s setting growing season length and greater
mid-summer Tmax’s determining growing degree-days. The alpine showed no corresponding GDD trend.
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Fig.6A.Two example monthly Tmin timeseries for C1 and D1 and timeseries of the North Pacific Index (NPI) for roughly
the same period (Trenberth and Hurrell 1994). Long-term curvilinear trend is drawn suggesting mid-record shifts (see
text).

Fig.6B.As in (A) but for annual precipitation and with the NPI series inverted to reflect a similar broad curvilinear pattern as
in the station series.

Discussion. An integrated view of these trends infer synoptic dynamics and surface energy processes that act differently
in the high alpine near the Continental Divide vs.in the subalpine dominated by closed conifer forest. Nearly all
temperature-related timeseries for both sites show a period of cooling until around 1980, followed by warming (Figure 6A).
Precipitation series show corresponding periods of increasing then decreasing precipitation (Figure 6B). On the face of it,
this pattern resembles that of the Pacific Decadal Oscillation (PDO), a hemispheric dynamic understood to influence cli-
mate variability in the Rockies (Kittel et al. 2000) and which switched phases in the late 1970’s. Such possible corre-
spondence is being explored in further analyses. While tentative, it suggests that alpine and subalpine climate signals
may not be as decoupled as they appear, but rather that across a relatively short elevational gradient ( =700m) synoptic
and landscape-scale processes react differently to and differentially modify a prevailing hemispheric signal.
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