
66

Eos volume 92  number 8  22 FebruArY 2011

North-Watch is an interdisciplinary inter-
site comparison project funded by the Lever-
hulme Trust, United Kingdom, and run by 
the Northern Rivers Institute, University 
of Aberdeen, Aberdeen, United Kingdom. 
The overall aim of the North-Watch proj-
ect is to facilitate an intercatchment com-
parison study of high-latitude catchments 
that will yield a comprehensive, interdisci-
plinary, and regional understanding of the 
recent effects of climatic change and pro-
vide a stronger scientific basis for predicting 
what further changes are likely. Examining 
a range of sites across a climatic transect in 
the northern zone will give a much stronger 
regional perspective on the responses to cli-
matic change than individual studies alone. 
The project is analyzing long-term data from 
experimental catchments including sensitive 
boreal, sub- Arctic, and sub- Alpine environ-
ments ranging from the Yukon and northern 
Sweden to the Scottish Cairngorms to assess 
the integrated physical, chemical, and bio-
logical response to climatic change. 

Recently, North-Watch held its third inter-
national workshop, which brought together 
15 specialists from Scotland, Sweden, Can-
ada, United States, Switzerland, and Ger-
many representing universities and govern-
ment institutions. The major goal of this 
workshop was for participants to expose 
one other to different ways of looking at 
linkages between hydrology and the struc-
tural-functional relationships of terrestrial 
and aquatic ecosystems in northern catch-
ments in the context of a changing climate. 
Workshop participants aimed to understand 
the complex feedback between catchment 
hydrological response to climatic forcing 
and the complex feedback between land-
scape and ecosystem response. A major 
research challenge is to understand the 
structural-functional relationships of differ-
ent ecohydrological units within landscapes 
and the sensitivity of these units to climate 
or environmental changes. 

Although there has been considerable 
cross-fertilization of ideas between hydrol-
ogy and ecology over the past 2 decades, 
many of the potential synergies remain 
undeveloped. At the simplest level, eco-
logical classification schemes often do 
not map readily onto hydrological classi-
fications despite similar drivers (e.g., pre-
cipitation and temperatures). Workshop 
participants suggested that a likely fruit-
ful direction will be in the search for com-
mon functional metrics (e.g., patch size, 
distance weighting of the position of criti-
cal land cover types within the catchment) 
rather than structurally based metrics (e.g., 
percent cover of a landscape characteris-
tic) for ecological (whether terrestrial or 
aquatic) and hydrological systems. This will 
not only help identify direct synchronicity 
between hydrology and ecology, but given 
the complex interactions of biotic and abi-
otic controls on ecosystem processes will 
also help identify residual hydrological 
influences such as those of high-magnitude, 
low-frequency extreme events. Workshop 
participants benefited from key ecological 
concepts that might be useful for hydrologi-
cal investigations such as intermediate dis-
turbance hypothesis, shifting baseline, or 
biotic cascades and feedbacks. 

The next North-Watch workshop will be 
held in Hubbard Brook Experimental For-
est, New Hampshire, in April 2011, and 
will be titled “Simple Models for Complex 
Problems: Using Empirical Data and Mod-
els in a Learning Framework for Prediction 
in Northern Catchments.” Information on 
North-Watch and its most recent workshops 
can be found at http:// www . abdn .ac .uk/ 
 northwatch/. 

—Doerthe Tetzlaff and Chris Soulsby, Northern 
Rivers Institute, School of Geosciences, University 
of Aberdeen, Aberdeen, UK; E-mail:  d.tetzlaff@ abdn 
.ac.uk

Statistical Significance  
Does Not Equal Geological Significance
Reply to Comments on “Lies, Damned Lies, and Statistics (in Geology)”

In my Eos Forum of 24 November 2009 
(90(47), 443), I used the chi-square test to 
reject the null hypothesis that earthquakes 
occur independent of the weekday to 
make the point that statistical significance 
should not be confused with geological 
significance. Of the five comments on 
my article, only the one by Sornette and 
Pisarenko [2011] disputes this conclusion, 
while the remaining comments take issue 
with certain aspects of the geophysical 
case study. In this reply I will address 
all of these points, after providing some 
necessary further background about 
statistical tests.

Two types of error can result from a 
hypothesis test. A Type I error occurs 
when a true null hypothesis is erroneously 
rejected by chance. A Type II error occurs 
when a false null hypothesis is erroneously 
accepted by chance. By definition, the 
p value is the probability, under the null 
hypothesis, of obtaining a test statistic at 
least as extreme as the one observed. In 
other words, the smaller the p value, the 
lower the probability that a Type I error has 
been made. In light of the exceedingly small 
p value of the earthquake data set, Tseng 
and Chen’s [2011] assertion that a Type I 
error has been committed is clearly wrong. 
How about Type II errors?

If β is the probability of a Type II error, 
then the “power” of a statistical test is given 
by 1 – β. It is well known that the power of 
a test increases with sample size n [Cohen, 
1992]. Given the extremely large sample size 
of the earthquake data set (n = 118,415), the 
chance of a Type II error is also vanishingly 
small. The concept of statistical power 
lies at the heart of the problem at hand, as 
acknowledged in the comment by Taylor 
and Anderson [2011]. For example, the 
Kolmogorov-Smirnov test used by Tseng 
and Chen fails to reject the null hypothesis 
because it has very low power in this context.

The outcome of a statistical test depends 
on three parameters: the significance 
criterion (α, typically taken as 0.05), the 
sample size (n), and the so-called “effect 
size” (w). The key point in the present 
discussion is that whereas the absolute 
value of the effect size (for example, the 
height difference between two people) is 
scientifically interesting, the question of 
whether it is “significantly” different from 
zero is not only irrelevant but also can 
actually cause harm [Ziliak and McCloskey, 
2008]. For a multinomial distribution (a.k.a. 
a histogram), the relationship between α, n, 
and w is well known and can be calculated 
analytically (for details, see the online 
supplement to this Eos issue (http:// www 
.agu .org/ eos _ elec/)). Some key values for 
the earthquake data set are given in Table 
1 and strongly contradict the claim by 
Sornette and Pisarenko that “the p value 
should not depend on sample size.”

The comments by Kravtsov and Saunders 
[2011], Taylor and Anderson [2011], and 
Weigel [2011] attribute the nonuniformness 
of the weekly earthquake distribution to the 
occurrence of aftershocks. I would like to 
remark that serial dependence and clustering 
of observations are not problematic, per se, 
unless they act on time scales that are shorter 
than the time span of the histogram, which 
is indeed the case for the weekly earthquake 
distribution. Sornette and Pisarenko remove 
the aftershock clusters by applying a number 
of progressively more restrictive “filters” to 
the data. Not surprisingly, they eventually 
manage to produce a data set that passes the 
chi-square test (p = 0.46). Not only is this a 
classical case of circular reasoning, but also 

the fact that the filtered data set contains 
only 5636 earthquakes (n/21) is an excellent 
illustration of the point my paper was trying 
to make. Using an effect size of w = 0.02726 
(Table 1) and a significance level of α = 0.05, 
the power of the chi-square test applied to 
Sornette and Pisarenko’s data set is only 0.26 
(see the online supplement). In other words, 
they run a 74% chance of incurring a Type II 
error. In contrast, β = 3 × 10-10 for the full data 
set.

Weigel and Sornette and Pisarenko 
correctly pointed out that reducing the 
sample size by a factor of 10 does not 
result in an equivalent reduction of the chi-
squared value. Table 1 shows that to have 
the false null hypothesis accepted, it does 
not suffice to divide the sample size by 10; it 
must be divided by 13. The reader will agree 
that this does not “significantly” change 
the conclusion of my paper, which has 
been eloquently formulated by the famous 
statistician John Tukey: “It is foolish to ask 
‘are the effects of A and B different?’ They 
are always different— for some decimal 
place” [Tukey, 1991, p. 100].

See also the online supplement to this Eos 
issue (http:// www .agu .org/  eos _ elec/).
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Table 1. Power Calculation for Earth-
quake Data (n = 118,415)a

Sample 
Size

Expected Chi-
Squared Value

Expected 
p Value

n 94 4.5 × 10-18

n/2 50 4.7 × 10-9

n/4 28 9.4 × 10-5

n/8 17 9.3 × 10-3

n/13 13 0.05

n/20 10 0.11
aThe expected chi-squared values are 
based on a noncentral chi-square distribu-
tion. using a very small effect size of 0.02726 
[Cohen, 1992]. See the online supplement to 
this Eos issue for details.

MEETINGS
Hydroecological Responses  
to Climate Change in Northern Catchments

Northern Watershed Ecosystem Response to Climate Change (North-Watch) 
Workshop III: Hydroecological Responses to Climate Change in Northern Catchments;  
Aviemore, United Kingdom, 29 August to 2 September 2010

Studying Silicate-Ice Bodies in the Solar System

Evolution of Small Silicate-Ice Bodies in the Solar System;  
Winthrop, Washington, 6–8 August 2010

Interest is growing in a class of small 
bodies in the solar system, some of which 
are believed to be the building blocks of 
the terrestrial planets. These include Ceres, 
Vesta, Pallas, the icy satellites, and some 
solid objects farther out in the solar sys-
tem. Many of these objects appear, from 
their bulk density and shape, to be com-
posed of a mixture of water and silicates, 
with short- and long-lived radioisotopes 
as energy sources. These are the ingredi-
ents for dynamic thermal evolution, includ-
ing differentiation and mineral and carbon 
chemistry, and the potential for internal liq-
uid water layers even today. 

Evidence for this comes from at least one 
family of asteroids, the Themis group, which 
may be pieces of a differentiated water- and 
organic-rich protoplanet. The Themis family 
is being studied to reveal a profile of its par-
ent body. Also, the NASA Dawn spacecraft 
(C. T. Russell et al., Planet. Space Sci., 52(5-
6), 465–489, 2004) is on its way to orbit Vesta 
in 2011 and Ceres in 2015. These objects and 
the Dawn mission stimulated a workshop 
series, initiated in 2006, to assess the evo-
lutionary history for these objects, with the 

fourth workshop held at the Bear Fight Insti-
tute in Washington State. The major physi-
cal and chemical processes involved were 
covered at the workshop. The workshop 
focused on the development of a composi-
tion model for Ceres’s surface to help plan 
the Dawn observations. The approach built 
on recent publications of thermodynamic 
models for Ceres (T. B. McCord and C. Sotin, 
J. Geophys. Res., 110, E05009, doi:10.1029/ 
 2004JE002244, 2005; J. C. Castillo-Rogez and 
T. B. McCord, Icarus, 205(2), 443–459, 2010) 
and involved representatives from a vari-
ety of fields: cosmochemistry, geophysics, 

geology, remote sensing, and material 
properties. 

One research area identified at the work-
shop is how chemistry drives thermal evolu-
tion, for example, by affecting the thermophys-
ical properties of the accreted icy and rocky 
materials, and how the geochemical environ-
ments change with evolution. Relevant pro-
cesses include mineralization and heating, 
resulting from the interaction of liquid water 
and silicate grains following differentiation, 
and the long-term preservation of liquid lay-
ers. Heat from long-lived radioisotopes even-
tually drives inner core dehydration, which 
affects the entire object, especially through 
energy exchanges. Late-stage hydrothermal 
circulation as the core is cooling may further 
promote hydrogeochemistry. Carbon and per-
haps ammonia, if found to be present at Ceres, 
would lead to more possibilities for interesting 
chemistry, perhaps as a base for biology. Par-
ticipants agreed that important observations 
for Dawn to make include the surface compo-
sitions and signatures of endogenic activity. 
These observations can provide information 
about Ceres’s present interior. 

There is growing observational and theo-
retical evidence confirming the thermal or 
chemical activity within these silicate-ice 
objects, and this class of objects in the solar 
system is gaining recognition for its habit-
ability potential. Thus, the Dawn mission, 
NASA’s New Horizons mission to Pluto, and 
subsequent missions have the potential for 
major discoveries.

—Thomas B. McCord, Bear Fight Institute, Win-
throp, Wash.; E-mail: tmccord@  bearfightinstitute 
.com; and Julie C. Castillo-Rogez, Jet Propulsion Lab-
oratory, California Institute of Technology, Pasadena
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