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Native Land Acknowledgement

The Arctic LTER project is based at Toolik Field Station (TFS) which is 
operated by the University of Alaska Fairbanks. We acknowledge that TFS 
and the surrounding areas are located on the ancestral hunting grounds of 
the Nunamiut, and occasional hunting grounds and routes of the Gwich’in, 
Koyukuk, and Iñupiaq peoples. We further acknowledge that all of our 
work, at TFS and elsewhere, occurs on Indigenous land. We acknowledge 
the legacy of violence and forced removal perpetrated against these lands’ 
first inhabitants, and honor the Indigenous people who have and continue 
to inhabit and steward the lands where we live and work.



What controls changes in the 
function of Arctic ecosystems?
Our hypothesis is that climate variability is 
the strongest control on ecological function

Climate Variability
- New LTER research -

Climate Mean Trend
Continuing LTER research

Open vs Closed systems
Continuing LTER research

Function includes the 5 core LTER areas:  production, 
populations, nutrients, organic matter, & disturbance

ARC LTER VII Theme:



Climate Trend
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The Ecology of Climate Variability

• Long recognized as an important driver of ecosystem function, but 
not well studied
• Theoretical foundation has been addressed at several levels
• Recognized by scientists and the public
• Difficult to study with manipulative experiments
• Long-term observations and experiments can provide a way forward



Except under rare circumstances, the response of 
a system to average conditions is different from 
the system’s average response to variable 
conditions, a conundrum known as ‘Jensen’s 
inequality’ Denny 2017

‘the fallacy of the average’ 
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Why should weather variability make a difference?
Jensen’s (1906) Inequality (AKA “The Fallacy of the Averages”):
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Why should weather variability make a difference?
Jensen’s (1906) Inequality (AKA “The Fallacy of the Averages”):
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Average rate with 
variability in T

Rate with no 
variability in T

Displacement of rate with variability 
will always be on the concave side of 
the graph.

Magnitude of displacement will 
increase:
1) with variability and 
2) with the depth of the concavity 

(curvature).

Why should weather variability make a difference?
Jensen’s (1906) Inequality (AKA “The Fallacy of the Averages”):



Rastetter et al 2022



• Do changes in weather variability 
alter element stocks and cycling 
rates?
• How do responses to changes in 

the variability of different 
weather components compare?
• How do responses to changes in 

weather variability compare to 
responses to climate trends?

We address three questions:

Rastetter, Griffin, Kwiatkowski & Kling, in review



• Built a stochastic weather generator 
based on data from Toolik Lake, AK

• Generated ten 100-year records with 
control (i.e., Toolik), artificially low, or 
artificially high variability in 
precipitation, light levels, and 
temperature

• Generated additional 100-year records 
with artificially low or artificially high 
variability in either precipitation, light 
levels, or temperature to examine 
effects of individual weather 
components

• Used these “data” to drive the Multiple 
Element Limitation (MEL) model to 
examine effects on ecosystem C, N, and 
P stocks and cycles

To examine this issue, we ...



Artificially low variance: 
Same average temperature, light levels, and precipitation
Temperature variance ~ 3oC lower all year
Duration of rainy periods 1 day longer, duration of dry periods 1 day shorter 

(same total precipitation over more days)
Fewer full-sun days and fewer heavy-cloud days

Artificially high variance: 
Same average temperature, light levels, and precipitation
Temperature variance ~ 3oC higher all year
Duration of rainy periods 1 day shorter, duration of dry periods 1 day longer 

(same total precipitation over fewer days)
More full sun days and more heavy cloud days
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Responses to changes in 
variability of 

precipitation, light, and 
temperature combined

Vegetation C significantly (p <0.01) 
higher with low variability and 
significantly (p <0.01) lower with 
high variability

Soil C unchanged with low variability 
but significantly (p <0.01) lower with 
high variability

Ecosystem C significantly (p <0.05) 
higher with low variability and 
significantly (p <0.01) lower with 
high variability
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Results that are 
consistent with 
expectations from 
Jensen’s Inequality

ANOVA & LSD test
** p < 0.01

* p < 0.05

Numbers in legend 
are mean values for 
control simulations

effects additive effects additive
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Open = no climate trend
Closed = with climate trend

Blue = less variability
Black = control
Red = more variability

Vegetation C Soil C Total C

Elevated CO2, wet & warming climate trend increased vegetation, decreases soil C 
(except with high variability), and increased total ecosystem C

Although high variability can almost cancel climate-trend C gain



1. Changes in day-to-day variability in weather can have important effects on 
ecosystem C, N, and P stocks and cycling rates

2. Most metabolic responses are opposite to those predicted by Jensen’s 
Inequality because they are embedded in a network of whole-ecosystem 
interactions and feedbacks (e.g., ↑GPP & ↓N min are incompatible)

3. We need to understand how weather variability might change as the climate 
changes

4. We need to understand how ecosystems processes will respond to changes 
in weather variability

5. That understanding needs to include both the direct effects of variability on 
the individual processes and secondary effects governed by interactions and 
feedbacks in the context of whole-ecosystem biogeochemistry

Bottom Line







Thanks!


