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Usable Science II:
The Potential Use and Misuse of ENSQO Information in North America
Michael H. Glantz

Introduction

El Nifio and Society

There is considerable and growing interest in the progress that has been made since
the earliest decades of this century with regard to research and understanding of El Nifio-
Southern Oscillation events, popularly referred to as El Nifio. Research in this area began at
the turn of the twentieth century with Sir Gilbert Walker’s research on the Southern
Oscillation, a seesaw of pressure systems across the equatorial Pacific Ocean, centered on
Darwin (Australia) and Tahiti. He also identified, through a variety of statistical measures,
linkages over relatively large distances, called teleconnections, between seemingly unrelated

climate anomalies,

Along the coast of western South America, people had been aware of sea surface
temperature changes that disrupted ecological processes, such as fish and guano-bird

population dynamics. That awareness stems at least back to the early 1800s.

Jacob Bjerknes in the mid-1960s identified the physical mechanisms that linked these
two phenomena --- El Niiio and the Southern Oscillation. Before then, these physical
processes had been treated separately. Since the mid-1960s, the research community involved
in long-range forecasting has shown a constantly, if not exponentially, increasing interest in

ENSO events and their teleconnections.

In 1986, a research team within the forecast community went public with an EI Nifio
forecast in 1986, much to the chagrin of fellow researchers. Fellow researchers opposed

making research forecasts public because of the uncertainties in their scientific knowledge
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about the phenomenon. Yet, the initial public forecast proved to be a correct one and
received a great deal of attention from science reporters. By the end of the 1980s, several
groups had followed suit by issuing their forecasts of ENSO. As various groups, using a
variety of modeling, observational and statistical techniques, would become aware of the
possibility of the onset of a warm event, they would issue forecasts; a élimate applications
group in NOAA’s National Weather Service issues a forecast in the form of an ENSO

advisory.

Considerable insight into air-séa interactions in the equatorial and extratropical regions
has been gained. First of all, the ENSO events of the 1980s and early 1990s have been the
most intensively observed and assessed to date. And, secondly, through the efforts of
researchers involved in an international, decade-long (1985 to 1994) research and field
program called TOGA (Tropical Ocean-Global Atmosphere), our understanding of ENSO has
greatly improved. The end of the TOGA program is likely to be followed by another
decadal-scale related research effort on interannual variability in the mid-latitude region,
called GOALS (Global-Ocean-Atmosphere-Land System).

In light of recent gains in scientific knowledge of air-sea interaction in the Pacific
Ocean (eg, ENSQ), it is clearly time for the social science research community tc become
more deeply engaged in efforts to enhance the utility of existing scientific information about
ENSO events by focusing not only on the physical processes of ENSO but on identifying
those groups in societies in North America that can use ENSO-related information to enrich

their decisionmaking capabilities with respect to their climate-sensitive activities.

Several scientific researchers have identified possible linkages between weather
anomalies in North America and the occurrence of ENSO events in the central and eastern
equatorial Pacific. While they do not necessarily agree with the linkages {called
teleconnections) proposed by other researchers, there is an identifiable set of anomalies in

North America that can provide useful information to the user community.
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By user community, we are referring to both actual users of ENSO and teleconnection
information (including forecasts) and potential users. The former are those who are already
aware of either El Nino, the Southern Oscillation or ENSO and its possible impacts on their
activities in North America or elsewhere (e.g., farming, fishing, manufacturing, transporting,
human health). The latter group --- potential users --- are those whose activities could benefit
from the use of such scientific information, if they were to be shown how ENSO events can
affect their activities and how to use ENSO-related information in their decisionmaking
processes. Awareness of and belief in the potential value of ENSO information are important

first steps toward converting potential users into actual ones.

Those who write about ENSO research findings, such as science writers and reporters
{among other media specialists), need to be convinced that ENSO forecasts have value for
their geographic or functional regions, either directly or indirectly. The media are not only
consumers of information about ENSO, but they are the potential educators of the public,
including policymakers. In essence they are the creators of actual users, converting their
potential into reality. But the media that reports on scientific research activities are faced
with numerous constraints not the least of which is a focus on regional and local weather-
related issues. Aside from providing general interest stories with the generic information on
ENSO, they await more certainty in ENSO teleconnections research and they want it to be
focused on the communities that they serve. For example, Californians want to know what an
ENSO means for them, drought or floods; New Englanders want to know what it means for
their region, more hurricanes or less; the Gulf states are also concerned with the possibility of
increased flooding from Texas to Florida; the Pacific Northwest states are concerned about
wintertime precipitation shortfalls; the Canadian Prairie farmers want to know about ENSO,
for agricultural production purposes; and so forth. Each of these regional interests is not
necessarily captured in the interests of other regions. This is a variation of NIMBY (Not In
My Back Yard): I am not interested in writing stories about climate-related phenomena that

are not directly affecting my back yard.
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Users’ Perceptions

The following chart was devised, based on information provided by the potential users
of ENSO information in their discussion papers. The chart depicts the overriding concern
about climate-related information of his or her company or agency, specific concerns, and the
potential value to that specific segment of the user community of improved ENSO-related
information. The information on the chart should also be treated as anecdotal information.
Similar information for a variety of potential users of ENSO information and forecasts could
be, however, gathered in a systematic way, providing greater insights to the ENSO research
community about users’ perceptions of their needs. Such information would also serve as a
good starting point for meaningful dialogue between producers of ENSO-related information
and the potential users of that information.
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Users’ Needs

Various segments of the user community clearly have ideas of what they believe they
need from ENSO researchers in general and forecasters, specifically. Some of these stated
needs were identified in the discussion papers presented at the workshop and are listed below,
Like the information on the preceding chart, the following list of needs should be treated as
anecdotal information. It does not represent an attempt to identify a comprehensive list of

needs of the user community.

Forecasters’ Needs from Users Users’ Needs from Forecasters

® users need to let forecasters know what ® there needs to be an evaluation of

critical climate information they need

CAC'’s forecast products by its users

Jor their sectors or activities ® need to give the ownership of the
need to establish credibility of forecast ENSO forecast to those who are most
science programs need to be more at risk
concerned about commercial interest ® need to know the point at which ENSO
needs (i.e., users’ needs) *locks in"
need a better idea of what the "use of ® decisionmakers need scientific info that
info" means is less uncertain, more perfect, more
bridge communication gap between complete
scientists and end users ® need 4-6 month lead time for South and
research community must reach out to Central America
educate government officials about ® better precipitation prediction for parts
reliance on ENSO forecasts of Ecuador before and during El Nifio
scientific research must show more ® Reliability of (a) magnitude and (b)
societal benefits timing of precipitation
need to integrate health sector into ® accurate and timely runoff information
Jorecast application centers ® forecast accuracy of runoff even for
identify NOAA’s responsibility to average conditions
provide relevant ENSO info to users ® need a forecast that is specific as
need to know decision processes to possible to local conditions
heighten the value of ENSO info ® need a more reliable forecast with a 3
need to know regional intervening to 6 month lead time
factors affecting forecast of ENSO ® need to know the reliability of forecasts
identify factors that affect the impacts ® need more precision in prediction of
of El Nifio at the local level the onset and decay of an ENSO event
® need to be better alerted by ENSO
researchers
® need one year lead time



better lead time

need accuracy in forecasting
magnitude/intensity, duration and
potential impacts areas

need longer lead times for ENSO
events

Jorecast community must deliver
"product” to users

there is a need for teleconnection
information at the mesoscale
forecast which can accurately predict
the regional impacts of El Nifio
Jorecast for regional hazards

need an ENSO forecast that is region-
specific, provides estimates of
magnitude and the degree of certainty
of occurrence

need to know regional forecasts of
ENSO impacts

user-friendly explanations of El Nitio
and teleconnections

need user friendly forecast products
need info on the type of growing
season in the summer in North America

Users® Needs from Users

to what extent should ENSO info be
considered as proprietary

need to improve early warning for
public safety

users must investigate ways in which
they can better use ENSO forecast
need user friendly info

need to identify ENSO once it has
definitely started

need to realize that forecasting ENSO
can only be of value if combined with
better resource management
Jorecasters need 1o be realistic about
claims of what they can provide

need case studies of the successful use

of ENSQ info; need unsuccessful cases
also

need closer interactions between
researchers and user (include users in
program planning)

need ENSQ info for early warning
systems for humanitarian efforts abroad
better contact and communication
between producers of forecasts and
users

need to search for and improve
understanding of second order impacts
of ENSO (pests, diseases, rodents)
need a high correlation between ENSO
and impacts

need to know the size, quality and risk
to the crop ASAP

Jarmers need to know ENSO impacts
around the globe vis a vis his/her
sector or activity

need local or regional ENSQO info
need to sort out ENSO linkages from
other factors that influence salmon
Stocks

need media coverage of successes to
develop the support for a
decisionmakers’ decision.

identify winners/losers in the use of
ENSO info

case studies of the use or non-use of
ENSO info

need 1o identify the role of the media in
Jorecast dissemination and
interpretation

need to know the role of anecdotal
information

need user friendiy info

need to look at media’s role as either
(a) descriptive ENSQ stories, or (b)
explanatory, or (c¢) predictive

case studies of actual use/non-use of
ENSO info

forecast must be user friendly

need to improve early warning system
Jor North American spring rains



Forecasters’ Needs from Forecasters

® forecast communiry needs 1o

L

o

° e e 0O

The North American ENSQO Applications Workshop

demonstrate successes of its use
scientific community must generally
agree with forecast

need to improve the reliability of
ENSO-related scientific information
need to identify when a forecast is no
longer reliable

need to overcome the "predictability
gapﬂ'

need improved skill in forecasting
ENSO onset and demise and
teleconnections

need to overcome the ‘spring barrier’
identify areas to be affected by E! Nifio
identify El Nifio effzcts

need information for Atlantic and
Pacific coast

need to use only sound statistical
relationships

need to identify regional impacts
need to know how to combine climate
and weather info

need to know changes scientists see in
prediction models in the next five years

Xi

need ro know the linkage between
ENSO and QBO

need better data for empirical research
improved scientific understanding of
ENSO

need to improve ENSO predictability
need to overcome basic hurdles: lead
time and reliable data

need a better comparison between
warm and cold events

need more scientific research on ENSO
need a clear understanding of the link
between severe weather and El Nifio
more research

need to maintain long-term monitoring
efforts )

berter understanding of the causes of
yield variability

need to understand the local setting at
the time of ENSO

need to know better the PNA/ENSO
link

look at the effects of climate change on
ENSO’s frequency and intensity

more research on climate change and
ENSO

The Workshop on Usable Science II: The Use and Misuse of ENSO Information in
North America was held in Boulder, Colorado, 31 October to 3 November 1994, It was

designed to bring together climate impacts researchers, weather-sensitive industry

representatives, physical scientists concerned with ENSO (El Nifio/Southern Oscillation), .

media specialists and policymakers. The overriding goal of the workshop was to foster

interaction between the producers of ENSO-related scientific information and the potential

users of that information.
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In addition to fostering discussion among these groups of interest, workshop organizers
asked participants to prepare in advance of the meeting discussion papers that raised their
concerns about ENSO forecasts or about what kinds of information that they needed for their
activities from the ENSO research and forecast communities. These papers served as starting

points for discussion and not for presentation.

In order to focus discussion on specific issues, some of the participants were asked to
make presentations in order to stimulate discussion. The Workshop Agenda which follows
identifies the issues that were discussed. A record of all of the discussion sessions throughout
the meeting were put together into one section. Several recurrent themes were identified, and
almost all of the points made in the discussion sessions were clustered under one of those
themes. These are presented in the Summary Section. It is very important to note at the
outset of this report that the workshop discussion sessions were designed to focus, not on the
successes in the forecast system, but on identifying problems from the perspective of potential
and actual users related to forecasting ENSO events and using ENSO forecasts. It is
important to keep this in mind when reading the Summary of Workshop Discussions.

It became clear at the workshop that there were different, sometimes opposing,
perceptions on the reliability of El Nifio forecasts for local and regional level decisionmaking.
While there are several views in the scientific and popular literature about how El Niiio
events in the equatorial Pacific affect weather patterns in various parts of North America, for
most of them there is little consensus for a variety of reasons. One is that not all researchers
use the same “objective” criteria for determining the onset of El Nifio. Some favor
monitoring the Southern Oscillation, while others favor monitoring sza surface temperatures,
and so forth. There are also some differences of opinion within the scientific community

about what constitutes the onset of an El Nifio.

It becarne clear at the workshop that interest in the ENSO phenomenon has sharply
increased since the onset of an event in 1991, an event that had been correctly forecast some

months in advance by a few groups. Federal emergency managers, tropical fruit producers,
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insurance companies, humanitarian assistance agencies, water resources planners, and

agricultural commodities interests have developed a healthy respect for and interest in El

Nifio.

Important concerns were raised for discussion, such as the following: To what extent
is the increasing level of public interest in the use of El Nifio forecasts appropriate to our
present-day level of scientific understanding about the phemenon? Who has the responsibility
to help the attentive public in determining the use such information? Who specifically are the
potential users of El Niiio information, including forecasts, to whom we constantly hear

references?

While there are several locations around the globe where El Nifio’s impacts can be
clearly shown to occur (i.e., Peru, Australia, Indonesia, India, Vietnam, Brazil), the strength
and reliability of teleconnections to North American weather patterns remain less clear.
Nevertheless, it is not difficult to show how information about ENSO events and their
proposed North American teleconnections does provide decisionmakers in various sectors of

society with enough information to “hedge their bets.”

In 1966, when he was on the verge of identifying linkages between sea surface
temperature changes and sea level pressure changes in the equatorial Pacific Ocean, Bjerknes
made the following projection:

Although this primary triggering may remain obscure, a close watch of the
temperature anomalies arising over the eastern tropical Pacific is likely to play an
important part in future seasonal forecasting of climate anomalies over North

America, and even over Europe.”

*I. Bjerknes, 1966: A possible response of the atmospheric Hadley calculations to equatorial anomalies
of ocean temperatures. Tellus, 18(4), 820-829.
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Glossary of Terms

Some scientists use El Nifio and ENSO interchangeably. Others use the phrase "warm event”
to describe a warming of the surface waters in the central and eastern equatorial Pacific, and
"cold event" to denote the opposite phase of the Southern Oscillation. The glossary which
follows is provided to help the reader sort out these concepis.

El Nifio is a term originally used to describe the appearance of warm (surface) water from
time to time in the eastern equatorial Pacific region along the coasts of Peru and Ecuvador. It
was once suggested that minor El Nifio events occurred about every two to three years and
major ones about every eight to 11 years. Today, scientists note that El Niifio has a return
period of four to five years. When an El Nifio event occurs, it often lasts from 12 to 18
months,

La Niia refers to the appearance of colder-than-average sea surface temperatures (SSTs) in
the central or eastern equatorial Pacific region (the opposite to conditions during El Nifio).
Many scientists do not like the use of the term and prefer to call it a cold event (described
below).

A warm event refers to the anomalous warming of SSTs in the central and eastern equatorial
Pacific. This term is being used to avoid confusion over the use of other terms like ENSO
and El Nifio. A warming in the regions mentioned is accompanied by a relative cooling in the
western equatorial Pacific.

A cold event is one where the SSTs become anomalously colder compared to the long-term
average for the central and eastern equatorial region. (It is the opposite of a warm event in
that region.) It has been referred to in the past as anti-El Nifio and, more recently, as La
Nifia. La Nifia, however, unlike the restrictive view of El Nifio, is applied to Pacific
basinwide phenomena.

The Southern Oscillation is a see-saw of atmospheric mass (pressure) between the Pacific
and Indo-Austraiian areas. For example, when the pressure is low in the South Pacific high
pressure cell and high over Indonesia and Australia, the Pacific trade winds weaken,
upwelling of cool water on the Pacific equator and along the Peruvian coast weakens or stops,
and SSTs increase in these areas where the upwelling weakens.

The Southern Oscillation Index (SOI) has been developed to monitor the Southern
Oscillation using the difference between sea level pressures at Darwin, Australia, and Tahiti,
although other stations have sometimes been used. Large negative values of the SOI indicate
a warm event, and large positive values indicate a cold event (also referred to as La Nifia). It
is important to note that there is not a one-to-one correspondence between the occurrence of

Southern Oscillation events and El Nifio events, using the spatially restrictive original
definition of El Nifio.



XV

ENSO is the term currently used by scientists to describe the full range of the Southern
Oscillation that includes both SST increases (a warming) as well as SST decreases (a cooling)
when compared to a long-term average. It has sometimes been used by scientists to relate
only to the broader view of El Nifio or the warm events, the warming of SSTs in the central
and eastern equatorial Pacific. The acronym, ENSO, is composed of El Nifio-Southern
Oscillation, where El Nifio is the oceanic component and the Southern Oscillation is the
atmospheric component of the phenomenon. The broader definition of El Nifio has
sometimes been used interchangeably with ENSO, because ENSQO is less well known in the
popular electronic and printed media.

Teleconnections can be defined as atmospheric interactions between widely separated regions.
They have been identified through statistical correlations (in space and time). Some of these
correlations have been used to generate hypotheses about geophysical processes related to
teleconnections. Most countries in the world are, or should be, interested in this aspect of the
Southern Oscillation. Some examnples are provided in the following maps.
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Five-month running mean of the sea level pressure anomalies at Darwin (dashed) and Tahiti (solid)
(Climate Analysis Center, 1991: Climate Diagnostics Bulletin, November. Washington, DC: US
Department of Commerce.
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Agenda
ENSO/North American Applications Workshop
31 October - 3 November 1994
Hotel Boulderado, Boulder, Colorado
Sunday, October 30, 1994

Arrival

Day 1: Monday, October 31

8:45 am Welcome to meeting
9:30-10:00 Round-the-Table introductions
10:00-10:30 Break

10:30-11:00 What El Nifo is
What the Southern Oscillation is

11:00-11:30 'What El Niiio does (globally)

11:30-12:15 El Nifio linkages to North America

12:15-1:30  Lunch

1:30-2:00  The use of ENSO information in hurricane forecasting

2:00-2:30  What can forecasters provide today?

2:30-3:00  What might forecasters be able to provide us in the next several years?
3:00-3:30  Break

3:30-4:00 What would users like to obtain from the ENSO research and forecast
commmnities?

4:00-4:30  'What about the impacts of the cold phase events?

4:30-5:00  Summary

Day 2: Tuesday, November 1

9:00-9:30am What do we mean by “use” of ENSO information? What weather/climate
information do North American users use now?



9:30-10:15
10:15-10:45

10:45-11:30

11:30-12:15
12:15-1:30
1:30-3:00

3:00-3:30
3:30-5:00

xviii
Who are the users —in theory and in practice?
Break

Can we identify and measure the value of ENSO information (including
forecasts)?

The use of ENSO information in Australian agriculture
Lunch
Potential uses of El Nifio information

OFDA (Dilley)

US/WAB (Strommen)

Canadian Wheat Board (Garnett)
Chiquita Brands International (Caid)
Salmon (Miller)

Pho DD e

Break

6. Health (Epstein)
7. Hydro (Bisson)
8. Insurance (Roth)
9. Fires (Robinson)

Day 3: Wednesday, November 2

8:30-9:15am Problems with forecasts in general: who has them, and when; probability; and

9:15-10:15

10:15-10:45

10:45-12:15

12:15-1:30
1:30-2:15

usability

The use of ENSO information and forecasts

Successful: Missed:

1, 1986-87 1. Quinn-Wyrtki (1975)
2. 1991-92 2, 1982-83

3. Australia 3. Handler (1983)

4, ENSO forecasts (1990-1993)
Break

Is the science “ready” (i.e., mature enough) for us to generate interest among

potential North American users of ENSO information? How can we tell
whether it is "ready”?

Lunch

Does ENSO provide the right kind information to “hedge our bets”?



2:15-3:00

3:00-3:30

3:30-4:30

xix

What institutional and other opportunities/constraints exist that foster or restrict
the use of ENSQ information in decisionmaking?

Break

Media as creator and educator of ENSO users; as a consumer of ENSQ
information

Day 4: Thursday, November 3

8:30-9:30am

9:30-10:15
10:15-10:45

10:45-11:30

11:30-12:15

12:15-1:30

What are ENSO researchers’ needs, if any, from the user community? What
are ENSO users’ needs from the ENSO forecasters?

ENSO and climate change
Break

Recommendations toward a Plan of Action for ENSO information awareness in
North America and need for integral multidisciplinary involvement

Where do we go from here?

Lunch and Adjourn
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