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“We thought we were smarter than 
Mother Nature, and Mother Nature has 
taught us a lesson. It’s a lesson in humil-
ity when you realize that, ‘gee, I thought I 
understood something and I don’t,’” Okal 
told Eos.

He added that there has to be a precau-
tionary approach regarding megaquakes and 
that scientists should consider that all long 
subduction zones of more than 400 or 500 
kilometers may produce very large earth-
quakes in the future. “There are a few places 
where we felt a little bit too secure, and we 
have to have renewed and new vigilance,” 
Okal said, specifically noting Tonga and the 
Kermadec Islands, the Mariana Islands, Java 
and East Luzon, the Caribbean, and the Sol-
omon Islands.

During the afternoon panel discussion at 
the EGU General Assembly, scientists also 

focused on the nuclear crisis affecting Japan 
that resulted from tsunami waves damag-
ing the Fukushima power plant. “What is in 
order is a review of nuclear plants,” many 
of which are located along shorelines, Okal 
said. He recommended that scientists inves-
tigate how other such nuclear plants might 
fare under similar conditions.

Andreas Stohl, senior scientist with 
the Norwegian Institute for Air Research, 
Kjeller, Norway, who has developed an 
atmospheric dispersion model useful for 
tracking various materials including radia-
tion released at the Fukushima power plant 
as well as volcanic ash that drifted across 
Europe last year from Iceland’s Eyjafjal-
lajökull volcano, said the risk of nuclear 
power should not be judged by the accident 
at the Fukushima power plant, because 
the event could have been even worse. 

“We were extremely lucky that the wind 
was blowing in the right way,” out to sea, 
he said. “Imagine the same situation in a 
nuclear power plant somewhere in central 
Europe where, regardless of which direc-
tion the wind would blow, it’s just a ques-
tion of which city you pollute most. The 
risks there will be much higher.”

Stohl said that Europe may need an emer-
gency response center to deal with these 
types of situations, and he also stressed the 
need for improved prediction models. “That 
concerns probably ocean models, but that 
also concerns especially atmospheric models 
because that is the immediate threat to peo-
ple,” Stohl said. “But there is little opportu-
nity to test these models because, fortunately, 
these accidents are not happening too often.”

—Randy ShowStack, Staff Writer

Societally and environmentally impor-
tant resources can be separated into five 
major categories: water, food, energy, 
human health, and ecosystem function. 
These resources, however, are intimately 
interlinked (Figure 1). Water, for exam-
ple, is required for each of the other four 
resources. Estimating availability of water 
resources, as well as other resources, 
requires an assessment of the threats they 
face. As stated by Pielke et al. [2009],

If communities are to become more resil-
ient to the entire spectrum of possible envi-
ronmental and social variability and change 
[Vörösmarty et al., 2000], scientists must 
properly assess the vulnerabilities and risks 
associated with the choices made by mod-
ern society and anticipate the demands for 
resources several decades into the future.

With respect to water, the world we live 
in has finite water resources that are under 
stress from rising demand due to population 
growth, urbanization, and industrialization 
[Gleick and Palaniappan, 2010]. According to 
a United Nations report, the current rate of 
growth is expected to take world population 
to 9 billion by the end of this century. More 
than 80% of this population will be residing 
in urban areas [United Nations Department 
of Economic and Social Affairs, 2008]. A dra-
matic expansion in urban and industrialized 
areas of the world is likely. Thus, knowledge 
of water that can actually be harnessed for 
use is the key element in defining society’s 

ability to achieve sustainable living in the 
21st century. 

Gaining an accurate understanding of how 
much water will be available for future use 
requires a multidimensional approach. The 
water that is usable can occur in various forms 

such as rainfall, surface water, rechargeable 
and fossil groundwater, snow, natural lakes, 
and artificial reservoirs, and through state 
and international treaties. There are multi-
ple threats to these water resources through 
health epidemics and contamination, changes 
in precipitation extremes, population demand, 
industrial and agricultural consumption, con-
tamination, national water policies, and cli-
mate. Lately, the consideration of such issues 
(or threats) has led to the coining of the term 
“nexus.” A nexus can be regarded as a joint 
investigation addressing a few key issues, such 
as the “water- energy nexus,” “water- health 
nexus,” “water- weather nexus,” or even the 
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Fig. 1. The relationships among five key resources (water, food, energy, health, and ecosystem 
function). Outer ring shows a nonexhaustive list of stressors that affect availability or quality of 
the resources.
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“water- weather- energy nexus.” But is such a 
focus adequate, or should we attempt to inte-
grate as many major threats as possible?

The resilience to known threats to water 
availability can be region specific and 
vary due to a multiplicity of factors. For 
example, annual flooding of about one 
fourth of the Ganges River delta is consid-
ered an integral part of livelihood and sus-
tainability (by recharge of shallow aqui-
fers and enrichment of soil with silt and 
nutrients [Mirza, 2003]). Yet similar lev-
els of annual flooding in the Mississippi 
River delta would spell disaster possibly 
more catastrophic than 2005’s Hurricane 
Katrina. Similarly, it takes about 100 liters 
of water to produce 1 kilowatt- hour of fos-
sil fuel– based electricity [Jones, 2008]. But 
the dependence on energy is not the same 
everywhere. A 15- minute power outage has 
a far more drastic impact on water supply 
in New York City than on the island of Fiji. 
The factors affecting availability of water in 
most parts of the world are many, and more 
than a few key issues are involved. For 
example, the most pressing factors affect-
ing water availability for the vast majority 
in Bangladesh are arsenic contamination 
of shallow aquifers, impoundment of trans-
boundary rivers by upstream nations, treat-
ment of water and wastewater effluents, 
arrival times of monsoons, agricultural 
demand, and public health epidemics such 
as cholera in coastal regions [Ahmed and 
Karmakar, 2006; Akanda et al., 2009; Hos-
sain and Sivakumar, 2008; Nishat and Rah-
man, 2010]. Almost all nations today have 
multiple threats to the availability of water 
resources, if not as many as Bangladesh 
[Gleick, 1998].

It is now important to gain a much broader 
view of what really affects today’s water 
resources. To make sense of the water that we 
have at our disposal for future use, we need 
to ask ourselves the following questions:

 • What are the key environmental and 
social variables that influence water 
resources?

 • What is the sensitivity of these water 
resources to changes in each of these 
key variables?

 • What actions (adaptation or mitiga-
tion) can be undertaken to minimize or 
eliminate the negative consequences of 
these changes (or to optimize a positive 
response)?

We now need a vulnerability assess-
ment approach to evaluate the effect of 
environmental and societal threats to fresh 
water. This vulnerability concept requires 
the determination of the major threats to 
these resources, not only from climate but 
also from other social and environmental 
issues such as the ones described above. 
After these threats are identified for each 
resource, the relative risk from natural 
and human- caused climate variability and 
longer- term change should be compared 
with other risks so that the optimal mitiga-
tion or adaptation strategy can be adopted. 
The advantage of this vulnerability strat-
egy, which should be location-  specific, is 
that even if the forecast of water availabil-
ity due to, say, climate or other threats were 
deemed to be unfounded years later, the 
optimal mitigation or adaptation strategy 
identified from multiple threats should have 
allowed for this margin of error during plan-
ning. In essence, such an approach guaran-
tees a higher chance of success than would 
a one- dimensional strategy such as one 
based on projections only from global cli-
mate models that are reported in literature 
[Schneider et al., 2007].
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